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ABSTRACT 


This thesis is a study of the training pipelines for the 
Navy's fire control technician ratings during projected fleet 
expansion to 600-plus ships by 1990. Yearly manning require- 
ments for the FTM, FTG, and FTG(SS) ratings were identified. 
FTG and FTM transition flow matrices based upon 1983 POM 
retention goals were formed to derive rating end strengths. 
Rand Model forecasts for mental categories I, II, and IIIA 
annual accessions were used with predicted end strengths to 
project manpower supplies. Comparison of supply and demand 
projections indicated future manning shortfalls in the FT 
ratings. A FORTRAN-based computer language, designated SLAM, 
was used to construct a simulation model of the training 
Pipelines. The model was employed to examine the impact of 
manpower procurement policy modifications upon Service schools' 
queue durations and stay times. An alternative manning policy 
was developed to overcome the forecasted manpower deficits 


without disrupting the schooling time requirements. 
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I. INTRODUCTION 


The ability of the Navy to train and retrain a sufficient 
number of qualified men and women in the 1980's represents a 
major manpower issue. Since the service will depend more 
heavily on the highly skilled and technically proficient 
manpower pools in the future years, the impact of growth in 
the Navy is of utmost importance. An assessment of the 
implications for a specific rating as the Navy grows in size 
from about 450 ships to an envisioned 600-plus ships is the 
purpose of this thesis. Therefore, we have undertaken the 
task of seeing what impact this expansion will have on the 
Mere Control Technician ratings (FT's). 

Why have we chosen the FT ratings for analysis? Primarily 
for four reasons: (1) they are critical ratings considered 
necessary for the manning of surface ships and submarines in 
support of sophisticated weapon systems currently onboard, 

(2) they require the higher mental categories, mental group 

I, II, and IIIA personnel, to be recruited to ensure accessions 
qualify for the more advanced schools, (3) they have one of 

the largest growth potentials of all ratings because of their 
highly technical skills and the current Navy policy to refit 
battleships whilch require large numbers of FT's, and (4) there 
is a high possibility that the ratings will run into manning 
difficulties in the future. In addition to the above basic 


reasons, we have chosen the FT ratings because they afford 
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us the opportunity to examine a variety of training pipeline 
structures. 

Most will agree that training, its objectives, policies, 
and practices, is a very critical aspect of military prepared- 
ness. How it is conducted and the means by which it is carried 
out will have far reaching effects upon the Navy in the 
future. Our objective in this thesis is to relate the capa- 
bilities of the Navy's training schools to the proposed fleet 
expansion required for the anticipated naval operations of 
the next nine years. We do not discuss specific training 
methodologies, but direct our major emphasis to the analysis 
of training flows and the optimization of alternatives to the 
pipelines. The means by which this is carried out is through 
a computer simulation language called SLAM (Simulation Language 
for Alternative Modeling). This particular computer language 
has been chosen because it allows us to view the training 
pipeline from process, event, and state-variable perspectives. 
By using a simulation language, we are able to investigate 
various alternatives to the FT training pipeline and determine 
what effects changing these variables will have. We have en- 
deavored to design a simulation system to meet these needs 
in a cost-effective manner. 

The factors affecting the direct student output within the 
training structure are the topic of the first part of the 
thesis. Chapter II is directed primarily at describing the 


Significant impacts the dwindling supplies of manpower through 
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1990 will have on the increasing demands of an expanded Navy. 
A detailed analysis of the methodologies used in determining 
the supply and demand projections is also presented. The 
augmented demand of the 1980's may cause costly bottlenecks 
to occur in the processing of students and jeopardize the 
training command's ability to produce adequate numbers of 
technicians. Therefore, in the second half of Chapter II, we 
outline the Fire Control Technicians' path through the train- 
ing command, highlighting major branch and decision points 
the students encounter throughout their formal training. 
Hopefully, this will give the reader an insight into the com- 
plexities which the Navy Military Personnel Command is faced 
with every day in connection with the management of Service 
schools. 

Chapter III deals exclusively with SLAM programing tech- 
niques. It presents the reasoning why we have Chosen this 
specific simulation language and gives a detailed breakdown 
of the methods used in modeling the FT pipeline. The ability 
to construct this model in a manner which allows interactions 
between each event greatly enhances our modeling ability. MThe 
later sections of Chapter III are designed to give a step-by- 
step explanation of the programming involved. These discussions 
are also aimed at assisting the novice to expand and develop 
his or her own training pipeline model. 

Chapter IV analyzes the results of policy options inves- 
tigated with SLAM programming, dramatically illustrating the 


impact the proposed growth of the Navy will have on the FT 
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training pipeline. Based on our supply-demand projections, 
alternative means to solve the vivid manpower shortfalls are 
proposed. The policies are viewed in a broad sense, but they 
demonstrate quite adequately the flexibilities allowed by our 
modeling process. It 1S a means to show the potential cost 
effective ability simulation modeling can have. 

Chapter V evaluates the findings of Chapters II, III, 
and IV. As a result of this analysis, a few recommendations 
are proposed to solve some of the foreseeable problems the 
training command will be faced with if the Navy does in fact 
grow to its envisioned size of 600-plus ships. The impacts 
projected may be even worse if newly developed, more sophis- 
ticated weapon systems are introduced during this building 
process. 

A great deal was learned about the training command during 
the investigative and writing phases of the thesis. It is 
our hope that this knowledge can be used by others as a 


stepping sone for future learning. 
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fies aDRE OF THE PROBLEM 


A. INTRODUCTION 

Can the Navy retain the numbers of personnel required to 
Sustain force strength objectives through the growth period 
to 1990? As the Navy increases to its projected size of 
600-plus ships by 1990, the impact this expansion will have 
On a particular rating must be examined. 

The purpose of this chapter is to study the supply and 
demand issues of military manpower and to examine some of the 
impacts of the Navy's planned growth. The Navy training com- 
mand will be analyzed to see the implications resulting from 
additional manning requirements for the Fire Control Tech- 


nician ratings. 


B. DEMAND 

As the Navy expands in pursuit of its stated goal of a 
fifteen battle group force by 1990, sustained fleet effec- 
tiveness will necessitate a corresponding growth in the 
Service's manpower figures. Higher annual end strengths will 
be reflected not only in the obvious additions in sea and 
squadron billets, but also in the augmented manning of the 
shore-based supply, maintenance, and administrative facilities 
required to support the force build-up. These escalations 
will be accompanied by increased numbers of sailors being 


categorized under the personnel status of Transients, Patients, 
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and Prisoners (TP&P). Further impact upon the force manpower 
planning will be experienced in the training command as the 
Navy schools respond to the demands for technicians created 
by the new fleet assets. In readying the school facilities 
for this expected growth, training command managers will focus 
attention upon proposed shipbuilding and aircraft purchasing 
schedules, anticipated lead times for schooling, and the 
Navy's success in retaining the skilled personnel who have 
previously completed the Service's courses of instruction. 
Although simplified by the elimination of aircraft driven man- 
power demands, development of the Fire Control Technician 
rating requirements through the 1980's will illustrate our 
methodology for projecting the manpower demand to be used in 
training command policy analysis. 
1. Ship Driven Demand 

Our analysis is based on the figures for billets 
authorized (BA) extracted from Enlisted Distribution and 
Verification Reports (EDVR's) of representative ships of 
planned fleet assets. The billets authorized, determined by 
proportioning the Congressionally approved Navy manpower end 
Strength among the Service's organizational units, are the 
measures used by enlisted personnel managers for the peace- 
time distribution of servicemen, and are thus considered more 
appropriate for our study than the wartime assignments con- 
tained in Ship Manning Documents (SMD's). Multiplication 
of billets authorized and projected inventories of fleet 


assets through the 1980's produces the number of fire control 
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technicians annually needed to fulfill sea duty assignments. 
This straightforward mathematical procedure results in well- 
defined requirements, but incorporates several assumptions 
beyond those inherent in the forecasting of yearly fleet 
assets. TO minimize annual fluctuations in our projections 
caused by these preliminary simplifications, we have concen- 
trated our analysis of the FT's manpower demands on the trends 
indicated by the years 1982, 1986, and 1990. 

The assumptions introduced in our evaluations of ship 
manning requirements are three-fold. Most importantly, our 
approach disregards possible installation of advanced tech- 
nology aboard present fleet platforms, and therefore views 
future manning authorizations for today's ships as duplications 
of current distributions. Secondly, since promotional pipe- 
lines of the FTG and FTM ratings join at the E-8 paygrade to 
form the FTCS rate (E-8), and progress to the combined FTCM 
rate (E-9), distinction between the growth increases of these 
ratings is difficult in the two most senior enlisted paygrades. 
To provide continuity to our example, we have arbitrarily 
divided the two senior rates into source rating groupings. In 
so doing, we have considered the known 1981 population of FT 
E-8's and E-9's to have been derived from equal inputs from 
each of the contributing ratings. We have also distributed 
the senior billets according to our professional estimates 
of which rating possesses the best qualifications for each job 
Specification. The breakdown of combined E-8 and E-9 billet 


authorizations in the projected years for each rating is 
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based upon the assumed-constant 1981 paygrade proportions. 
Finally, in instances in which billet authorization data are 
not available, such as for the CG-47 class AEGIS cruisers, 
we have relied upon proposed manning information provided by 
FTG and FTM enlisted personnel detailers to complete our 
projections. 

Tables 1 and 2 present the ship inventory and personnel 
manning matrices used in the determination of sea billet re- 
quirements. Yearly forecasts of ship-type assets through the 
1980's, as indicated in Table 1, were developed from a study 
conducted at the Naval Postgraduate School, Monterey, Cali- 
fornia [NPS, 1981]. The study's total proposed growth in 
Operating assets leads to a final 1990 inventory of 611 ships. 
Of this envisioned fleet, 289 ships will have FT personnel in 
their crews. Table 2 shows paygrade billet authorizations for 
the FTG and FTM ratings in those ship classifications requiring 
fire control technician manning. Paygrades E-1l through E-3 
are summed and Pe acented as a Single manning demand (listed 
under E-3) in accordance with current Navy manning policies 
and with the paygrade specifications employed in the EDVR's. 
Manning characteristics of the fleet ballistic missile sub- 
marines have been doubled to compensate for the simultaneous 
assignment of two crews (blue and gold) to these assets. 

Table 3 is formed by multiplying the elements of Tables l 
and 2, and then totaling the yearly paygrade demands for the 


three base years of our study. 
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TABLE l 


Estimated Ship Inventory Matrix 
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TABLE 2 


Estimated Personnel Inventory Matrix 
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TABLE 3 


Estimated Ship Demand Manning Requirements 
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Z2 ee suDpponre Draven Demand 


Current Department of Defense plans outline the ship- 
building programs for the remainder of the 1980's considered 
essential in countering the presence of Soviet naval power 
upon the world's oceans. However, while defense managers 
have recognized that added ship production will burden the 
established support installations and shore-based personnel 
community, studies addressing the impact of fleet expansion 
on shore facility capabilities and manning have lagged ship 
development reports, and policy proposals for the upgrading 
of shore bases therefore remain undefined. Apparently, Navy 
leaders are confident that the existing facilities are equipped 
sufficiently to support the projected ship additions, at least 
in the early stages of growth, and have not announced immedi- 
ate building plans for shore-based assets. Despite the 
absence of planned construction, Navy leaders have achkowledged 
that today's support manpower strengths must be bolstered to 
meet the increased administrative, material, maintenance, and 
recreational demands imposed by a 600-plus ship Navy on cur- 
rent base establishments. Determination of the degree to which 
the support driven manning requirements are to be altered 
thus becomes fundamental in discussions of anticipated end 
strengths for the upcoming years. 

The calculation of appropriate support manning levels 
is complicated by a variety of issues, such as substitution 
of civilian labor force for military personnel policies, and 


decisions specifying the range of services to be provided by 
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the shore facilities. Because of these variables, an explicit, 
universally applied method for estimating shore-based manning 
requirements has not been developed in Navy research projects. 
The most common technique used for past projections has been 
based on promulgated sea-shore rotation factors for the vari- 
ous skill ratings. In this methodology, the mathematical 
product of the sea billet requirements and a specified rotation 
factor expresses the additional shore facility assignments 
needed to provide a desired career pattern for the rating's 
Sailors. Unfortunately, this popular approach entails several 
unfavorable characteristics for our evaluations. Analytically, 
the utilization of the sea-shore rotation factor divorces 

shore base distributions from the actual demand of the support 
workload. Furthermore, the rotation factor is an influential 
variable in retention policy management and, as such, should 
not be unnecessarily constrained in our model by ties to shore 
billet estimations. 

In view of the limitations of the sea-shore rotation 
factor technique, we have opted to estimate support driven 
Manning requirements through the application of a ship ton- 
nage model. As suggested by Dr. Rolf Clark in his comparison 
of fleet resource allocations from 1962 to 1977, total fleet 
tonnage acts as a predictor of modifications in force levels 
and as a linkage in measuring logistic support expenditures 
(Clark, 1980]. The 1981 Naval Postgraduate School study of 
the proposed 600-plus ship Navy also notes a relationship 


between projected overall shore billet requirements and 
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forecasted tonnage totals. Using these research projects 

as examples, we have extended the logic of the fleet tonnage 
model to the specifics of the shore billet manning of fire 
control technicians. 

In our model for determining the FTG and FTM support 
demands, we assume that the fundamental relationship between 
shore billets and tonnage totals remains constant. Equation 
1 is used to calculate this fixed value, or tonnage factor, 
for each rating. 

1981 Shore Billets for Rating Tonnage 


ji98l Total Tonnage of Ships =, ~ Factor (Eq. 1) 


Distributed Billets for Rating 


Source: Authors 


Under our assumption, the 1981 base-year tonnage factors, 

meog25 for FTG‘s and .00026 for FTM's, can be substituted 

into Equation 2 to figure total shore billets required for 
the ratings in each of the studied years. 


Total Shore Billets 


jronnage, s jrearly Total, 
for Rating in Year 


pactor Tonnage oe 


CEQe 2) 
Source: Authors 


The annual projections of total tonnage for a rating (yearly 
total tonnage) are developed by summing the full displacement 
tonnages for all proposed ships with crews having billets 


designated for manning by the rating. 
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For our estimations of support driven demands to be 
compatible with ship driven projections and to be useful in 
the analysis of billet distributions, the yearly shore billet 
totals must be broken into rate requirements. In the parti- 
tioning of the annual sums, we again assume a constant rela- 
tionship among components and use 1981 figures to forecast 
specific rate demands through the 1980's. Combining the E-1l 
through E-3 rates into one group, seven rate factors, which 


total to 1.0, are figured for each rating using Equation 3. 


1981 Shore Billets for Rate me Sate Support (E 3) 
1981 Shore Billets for Rating Factor q- 


Source: Authors 


As shown in Equation 4, our expression for the support driven 
demand model, the annual shore-based requirement for each rate 
is determined by multiplying the total shore billets for the 


source rating by the rate support factor. 


Shore Billets for, - Rate Support, Zs Shore Billets for, 
Rating in Year Bac mos Rate in Year 


[ 
(Eq. 4) 
Support Demand Model 


Source: Authors 


Table 4 presents these support driven demands of each rate 


for our three representative years. 
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TABLE 4 


Estimated Shore Demand Manning Requirements 
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3. TP&P Driven Demands 

On any given day, a fractional component of the Navy's 
manpower will be classed as medical patients, prisoners, or 
transients (personnel on leave or on travel orders between 
duty stations). Slight variations exist between skill ratings, 
but approximately ten percent of a rating's total strength 
normally falls into this TP&P category [OPNAVINST 1500.8J, 
1979]. Although it can be argued that significant policy 
changes may serve to reduce this daily loss in the manpower 
force, long-standing disciplinary and morale standards have 
stabilized the size of this component. As a result, accurate 
depictions of the Navy's manpower posture must include addi- 
tional billet allowances for this substantial TP&P classification. 

Using the Navy Enlisted Distribution Statistical Sum- 
Mary Report for calendar year 1981, we have formulated charac- 
teristic rating factors for projecting FTG and FTM TP&P 
requirements through 1990. The TP&P constants (.096 for FTG's 
and .110 for FTM's) are derived by substituting the 1981 data 


seteecach rating into Equation 5. 


1981 TP&P Billet Allowance for Rating 
i981 Sea Billets). | 
for Rating 


= jtP&P PaActoOr 
1981 Shore Billets, EOr Rating 
for Rating 


] 


(Eee =) 


Source: Authors 


This determined TP&P factor is then inserted into Equation 6 
to forecast the total Transients, Patients, and Prisoners 


attributable to the individual ratings in each evaluated year. 
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TP EP Projected Projected Projected TP&P 
Rating) x {°° Billets) , Shore Billets), = Allowances 
Beetor for Rating for syle ge) for Rating 
in Year in Year in Year 


! 


(Eq. 6) 


Source: Authors 


As in the determinations of support driven demands, 
the yearly TP&P rating forecasts must be separated into rate 
requirements. The fractional component of the total rating 
forecast distributed to each rate is calculated by employing 


@em@ation 7 and the baseline data from calendar year 1981. 


Mel Rate TP&P Billet Allowances _ RATE TP&P (E 7) 
1981 Rating Billet Allowances Factor q- 


Source: Authors 


The predicted TP&P requirements for each rate, given in Table 
5, are obtained by substituting the rate TP&P factor derived 


in Equation 7 into the TP&P Model depicted by Equation 8. 


Projected Projected 
(Rate TP&P, (pTPE&P Rating me ei TP&P Rate (E 3) 
Factor Allowances Requirements ae 
in Year in Year 
TP&P Model 


Source: Authors 


a Total Manpower Demands 


Summation of a rate's sea duty billets, support driven 
requirements, and TP&P allowances determines the annual billet 


authorizations for a specific paygrade within a rating. 
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TABLE 5 


Estimated TP&P Requirements 


PIS Z IS eis LoS 0 
RATE US, FTM PG rTM FTG FTM 
Bee Ee 3 Sy 36 40 41 46 48 
E-4 104 154 eS 0 ‘bei IESE, 
E=> 97 Ly3) 8: IOS 180 Se Zale 
E=6 Sy oD 36 v2 64 84 
i / ay) 42 40 46 46 34 
E~-3S i i aL Z 2 2 
9 it it Bi Z 2 2 
TOTAL BiZg 451 B16 a3 414 600 


Based on 1981 data. 


Source: Authors 
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Further addition of the E-1/3 through E-9 rate authorizations 
provides the total manpower demands for the rating in a par- 
ticular year. Table 6 is formed by totaling the elements of 
Tables 3, 4, and 5, and therefore summarizes the forecasted 
demands for FTG and FTM technicians in the Navy through 1990. 
These projections indicate growth rates of 26 percent for 
FTG's and 35 percent for FTM's during this nine year period. 
The rapid increase in the number of fire control 
technicians necessary to operate the envisioned 600-plus ship 
Navy of 1990 suggests that the recruiting and training com- 
mands will have difficult tasks in responding to future man- 
power demands. However, yearly accessions and technical 
schooling requirements can be eased substantially by improved 
Navy success in retaining enlisted personnel. Although influ- 
enced by an unstable economic picture throughout the nation, 
early fiscal year 1982 retention statistics indicate encouraging 
trends in the Service's ability to upgrade its retention per- 
formance. The Basic Manpower Transition Model depicted in 
Equation 9 demonstrates the potential impact of retention 
performance upon Manpower accession demands by expressing the 
relationship between personnel inventories, a transition matrix 


encompassing yearly retention statistics, and annual accessions. 


Personnel 


End Strengths _— 
g _ Inventories transition Total 
[ at End ee | i el x | ] + [Accessions] 
ae Beginning navel Gig Sls 
of Year for Year 
of Year 
(Eq. 9) 


Basic Manpower Transition Model 


Source: Authors 
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TABLE 6 


Estimated Total Manning Requirements 


ILENe 1986 1990 
RATE EITG FTM FLG FTM ihe Per 
fo 23 230 Zo 257 274 S24 Bac 
E-4 764 1246 823 370 976 S35 
B=5 743 S)3) 7 817 ‘gdLals oie) 8: 1355 
E~-6 Sao JSS 889 1106 1006 1316 
E—7 489 402 527, 470 601 555 
E-8 200 207 214 228 2 256 
a9 158 114 166 129 IL 7S, 156 
TOTAL 3419 4098 3693 4692 4301 5505 
source: Authors 
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Manpower managers must strive to match yearly end strengths 
with total billet authorization demands through the manipu- 
lation of programs and policies affecting the transition 


matrix and through the annual enlistment of qualified sailors. 


C. PERSONNEL TRANSITION MATRICES 

The transition matrix component of Equation 9 is the 
mathematical tool for ascertaining the make-up of a manpower 
force following a specified period of system operation. This 
flow matrix describes the movement of individuals through a 
rank-order organization by detailing the percentage of per- 
sonnel advancing, not changing, or moving back in the system 
structure during each period. In so doing, the matrix encom- 
passes both the statistics of promotion and of retention within 
the organization. Multiplication of the beginning personnel 
inventories, classed according to the rank structure of the 
system, by the transition matrix forecasts the organization's 
total ending inventory, partitioned into appropriately sized 
rank groupings. 

In our analysis, we have utilized several transition models 
to predict annual FT end strengths through the 1980's. Com- 
parison of these personnel stocks with our forecasts of the 
billet demands for the expanding fleet results in estimates 
of the yearly accessions necessary to sustain fleet performance. 
The breakdown of the projected manpower strengths by rate also 
enables us to identify and examine specific shortfalls in the 


fire control technician manning levels. Our calculations of 
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FT end strengths and projections of manning deficits will be 
presented in detail in the discussions following the descrip- 
tion of the transitional flow methodology. 
1. 1981 Transition Matrices for FTG's and FTM's 

Tables 7 and 8 present the two transition matrices 
underlying our projections of the fire control technician 
ratings' end strengths in the next nine years. The matrices 
are based upon data, provided by Defense Manpower Data Center, 
Monterey, California, describing the flow of FTG's (Tahle 7) 
and FTM's (Table 8) through the Navy enlisted rates during 
fiscal year 1981. Statistics for the E-l through E-3 rates 
are grouped to conform with our previous forecasting procedures. 
Since information on the FTCS (E-8) and FTCM (E-9) rates was 
not available, we have assumed the flow statistics for these 
senior rates to be equal within the FTG and FTM ratings, and 
have estimated the percentages given in the tables. The ele- 
ments of these tables indicate the fraction of the beginning 
rate inventory, identified in the left column, that is located 
at the end of 1981 in the rank designated in the column head- 
ings. For example, Table 7 specifies that 46.9 percent of 
the FTG's classed as E-4's at the start of 1981 remained in 
this rate at the year's closing, while 33.7 percent were ad- 
vanced to FTG2 (paygrade E-5). In addition, the matrix shows 
that 3.6 percent of the E-4's were reduced in rate and placed 
in the ending E-1/3 inventory. The right hand column in each 
table, entitled LOSS, lists the proportion of the beginning 


inventory departing the personnel system during the year. 
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TABLE 7 


1981 Personnel Transition Matrix for FTG's 


End of Year 
E-l1/3 E-4 E-5 §E-6 E-7 E-8 E-9 LOSS 


E-1/3 336 .447 .008 0 0 0 0 ol 
E-4 036 .469 .337 0 0 0 0 Huey) 
E-5 mOO2Zs) Ol. 597 9.47 0 0 0 242 
z E-6 0 0 (0025.70). .138 0 0 ~ 159 
Beqinning » 
Be VYoar E-7 0 0 0 0 814 .068 0 aig! 
E-8 0 0 0 0 0 Vis 10 pees) a2 
E-9 0 0 0 0 0 0 75 Z5 
Re-enlistment Rates 
FIRST TERM SECOND TERM CAREER 


29% 28% 86% 


Source: Authors 
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TABLE 8 


1981 Personnel Transition Matrix for FTM's 


End of Year 
E-1/3 EF-4 E-5 E-6 E-7 §E-8 E-9 LOss 


E-l73 -284 .478 .003 0 0 0 0 2255 

E-4 HOSteeo0G) 23/7) 0 0 0 0 mG 

E-5 0 J0beeosol <t55 0 0 0 Eras 
Beginning E-6 0 HUSmeeOOS 2.722 .L48 > 0 0 124 
of Year 

E-7 0 0 0 0 -645 «073 0 .083 

Se 0 0 0 0 0 WOME OD <2 

3, 0 0 0 0 0 0 1 ee eS 

Re-enlistment Rates 
FIRST TERM SECOND TERM CAREER 


24% 61% O 3255 


Source: Authors 
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In the E-4 example of Table 7, 15.7 percent of the FTG3's 
were discharged in the year. These listed loss rates total 
all personnel departures, including retirees, administrative 
and disciplinary discharges, and end of service obligation 
losses. 

ee Development of 1983 POM Projections Flow Matrices 

The 1981 personnel transition matrices record the most 
recent annual accounts of the movement of FTG's and FTM's 
through the Navy's rate structure. Forecasts founded upon 
these historical performances assume that the career behavioral 
patterns of servicemen will remain fundamentally constant. 
However, Navy leaders have recently pursued increased budget 
mmrocations for personnel recruiting, training, and quality- 
of-life programs in hopes of attracting higher quality re- 
GCruits and of motivating sailors toward continued military 
careers. This added emphasis on manpower management, coupled 
with a high nation-wide youth unemployment rate, has imparted 
an optimistic outlook among Navy leaders toward the achieve- 
ment of greater retention success. As a result, the Navy has 
established, in the fiscal year 1983 Program Objectives 
Memorandum (POM), increased retention goals for first-term, 
second-term, and career-designated re-enlistments of 4%, 6/7, 
and 98 percent. 
Recognizing the importance of retention characteris- 

tics in determining transition rates, the substantial growth 


in retention statistics planned by the Navy, and the impact of 
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transition flows upon the analysis of future manpower supply 
and demand trade-offs, we have augmented our research with 
FTG and FTM flow matrices developed from the 1983 POM goals. 
In formulating the FTG and FTM 1983 models, we have first 
evaluated the actual 1981 stock flows and, using equations 
representing first-term, second-term, and career-designated 
enlistment loss rates, have factored out the departures 
attributable to these three categories for both the FTG's and 
FTM's. After having extracted these numbers from the 1981 
models, we have employed the loss rate equations to define 
the losses that occur in a hypothetical system operating under 
the 1983 POM retention goal statistics and have then inserted 
these departure figures into the amended 1981 stock flows. 
The resulting theorized manning levels have been converted 
into projected FTG and FTM transition matrices for application 
to analyzing manpower issues of the expanding Navy. Although 
this matrix logic assumes that the promotional policies of 
the Navy are fixed throughout the 1980's, and that the 1983 
POM goals are typical of the remaining years of our study, the 
application of 1983 POM goal-oriented matrices provides a 
means of assessing the implications of improved retention 
eerorts. 

In extracting the loss figures of each re-enlistment 
group (first-term, second-term, and career) from the 1981 
personnel stocks of the E-1/3 through E-9 rates, we must 


first calculate a technician's expected time in rate (TIR). 
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These averages enable us to determine in which rates enlistment 
decision points occur and the proportion of each rate's stocks 
that encounter career choices in a particular year. Manipu- 
lation of the 1981 transition matrices provides the most 
current estimates of these times in service. The diagonal 
elements in the inverse of a matrix formed by subtracting the 
1981 transition matrix from an identity matrix represent the 
average TIR's. Table 9 presents these results for the FTG 


and FTM ratings. 


TABLE 9 


Time in Rate for FTG and FTM Ratings 


TIME IN RATE (IN YEARS) 
RATING E-1/3 E-4 E-5 E-6 E-7 E-8 £E-9_ 


FTG Vee Zeon em os 55. 8,56) 4.00 4.00 


FTM er 6 Ce oeeee ee 3.62 6.45 °4.00 4.00 


Source: Authors 


The average TIR's for FTG's and FTM's indicate that 
most first-term FT's, either four year or six year obligators, 
reach enlistment decisions prior to advancing to paygrade 
E-6. Under these circumstances, we can calculate first-term 
losses of fire control technicians with the general expression 


Given in Equation 10. 
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lst Term Loss Rate = (Eq. 10) 


(Loss of im hake nie te E-3's)+(E-4 Loss)+(E-5 lst Term Loss) 


(Blig E-3) + (.5) (E-4) (8 4¥0) + [ape avo) + aA (s 6y0)] (E-5) 
where: 
E5 lst Term Loss = Total E5 Loss - E5 2nd Term Loss 
= Total E-5 Loss 
~ weit) (4) (E~5) (8 4Y0) ($ 2YR-RENL) 
TER Eo 
and, 
Oss sOreoligtole B=-3°s = {(.4){Loss of Elig E-3's) 
= (.4) (.05) (E=3's) 
$ 4YO = percent of total enlistees that are 4 year 
obligators, 
%$ 6YO = percent of total enlistees that are 6 year 
obligators, 
% 2YR-RENL = percent of re-enlistees that sign two 


year contracts 


Source: Authors 


This formula adheres to the terminology of FT personnel 


Managers in which loss percentages are based solely on career 
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decisions of eligible personnel and thus disregard adminis- 

trative, disciplinary, and unqualified personnel losses. Be- 

cause Navy regulatbons severely restrict the numbers of E-l 

through E-3's qualified for continued service, our model con- 

siders only five percent of this group eligible for re-enlistment. 

The statistics from 1981 substantiate this approximation and 

depict a relatively low first-term loss rate of 40 percent 

within this cohort, apparently stemming from the imposed 

requirements. Since the FT ratings are manned with high 

quality accessions and the transition matrices of Tables 7 and 

8 display only minimal rate reduction trends after advance- 

ment to paygrade E-4, we have overlooked possible punitive 

discharges in the upper five rates and have considered the en- 

tire populations in these rates as eligible for re-enlistment. 
In the development of Equation 10 we have used a 

professional judgment to align our model with observations 

of actual re-enlistment practices of E-4's. Although Table 

9 indicates that the average technician advances to the E-5 

paygrade in 3 years 7 months, we consider 50 percent of the 

E-4 four year obligator population eligible for the first- 

term re-enlistment decision. This addition to the equation 

compensates for both slow advancers and for manpower policies 

that currently permit top performers in the training pipeline 

to progress to the E-4 rate ina one year period. This acceler- 

ated pace significantly reduces the average E-1/3 TIR and thus 

the typical paygrade status of four year obligators upon 


re-enlistment. 
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The advancement timetables depicted in Table 9 also 
imply that, in the determination of first-term and second-term 
loss rates, the total personnel departures in the E-5 rate 
during 1981 be distributed among the two loss categories. 

This distinction is necessary to account for personnel enter- 
ing the Navy as four year obligators and subsequently re- 
enlisting for only two years, thus being classed as second- 
term re-enlistees for career decisions at the six year point 
of service. Derivation of the 1981 E-5 first-term losses used 
in Equation 10 serves as an example of the method of propor- 
tionment enployed throughout our development of the 1983 POM- 
goal matrices. The first-term losses are calculated by sub- 
tracting from the known 1981 Service departures of E-5 per- 
sonnel the number of those FT's assumed to be leaving the 
Service in their second enlistments. Second-term losses are 
specified as a fraction of the eligible E-5 group. The cohort 
size of the eligible second-term E-5 population is defined as 
the product of the total number of E-5's, the inverse of the 
B=> TIR (specifying the fraction of E-5's reaching a career 
decision point during a one year period), and the proportion 
of FT's classed as four year first-term obligators who sign 
two-year second-term contracts. Multiplying this cohort size 
by an assumed second-term loss rate of 40 percent results in 
the number of second-term E-5 losses to be withdrawn from the 
total E-5 losses when calculating the first-term loss rate. 
This assumed loss percentage closely corresponds with the 


recorded statistics of 1981 and the proposed goals for 1983. 
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PmOouLEaDpLIcaemon Cre Equation 10 to the 1981 FTG and 
FTM manning matrices, we have proportioned 25 percent of the 
first-~term ratees as four year obligators and 75 percent as 
six year enlistees in accordance with current accession 
statistics. Additionally, we have assumed that 75 percent of 
those personnel continuing enlistments beyond their initial 
terms sign two year contracts, while the remaining re-enlistees 
agree to four years of obligated service. These percentages 
are also employed in later determinations of second-term and 
career loss rates. Using these behavioral characteristics and 
the assumptions for the E-1/3, E-4, and E-5 cohorts described 
above, we have substituted 1981 personnel stock data into 
Equation 10 and have determined the first-term loss rates for 
FTG's and FTM's to be 71 and 76 percent, respectively. These 
projections closely approximate the recorded statistics for 
the year. 

Second-term loss percentages are extracted from the 


1981 transition matrices using Equation ll. 


2nd Term Loss Rate = eG LL) 


E-5 2nd Term Loss + E-6 2nd Term Loss 


(1) _(% 4-vo) ($ 2Y¥R RENL) +Eligible E-6's 


(E-5's) Tin ELS 


where: 
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Eligible E-6's = (.2)(% 4-YO) (% 2YR RENL) (E-6's) 


(1) 


~ pe ee 


(% 4-YO) (3% 4YR RENL) (E-6's) 


ie) 


Yu ee ages 


(2 O-YO) (3 2ZYR RENL) (E-6 s) 


+ (.1) (% 6YO) (% 4YR RENL) (E-6's) 


and, 
E-6 2nd Term Loss = Total E-6 Loss - E-6 Career Loss 
= Total - att) (9 4-YO) (% 2YR RENL) (E-6's) (.2) 
iso 
- aevthg(* 6-0) ($ 2YR RENL) (E-6's) (.2) 


Source: Authors 


Similar to the concepts underlying first-term loss rate 
determinations, this expression divides the totaled E-5 and 
E-6 second-term personnel departures by the eligible FT popu- 
lation for the second-term re-enlistment category. Delineation 
of the E-6 second-term population is complicated by the 
variety of enlistment contract combinations possible within 

a length of service period of ten years. In this population 
cohort we have included the E-6 personnel who originally serve 
four year contracts and then re-enlist for four years (4 by 4 
Sobligators), and the FT's who fulfill initial six year tours 
prior to signing two-year contracts (6 by 2 obligators). 


Additionally, although Table 9 shows that the average E-6 FT 
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is not classed as a 4 by 2 or 6 by 4 obligator, we have con- 
sidered portions of these groupings as accelerated promotees 
and slow advancers, and therefore as inputs to the eligible 
mo POPpuUlLation for second-term statistics. In figuring E-6 
second-term losses, we have assumed an 80 percent career 
retention rate for E-6's and have thus subtracted twenty 
percent of the predicted eligible E-6 career population from 
the total losses of this cohort. Applying the 1981 FT data 
to Equation ll results in loss rates of 42 percent for FTG's 
and 39 percent for FTM's. These predictions are within one 
percent of the reported 1981 retention statistics and thus 
act to substantiate the underriding assumptions of our modeling. 
Navy manpower planners view personnel departing the 
Service after twenty years of duty as retirees and do not 
include them in compilation of loss rate statistics. Equa- 
tion 12, our expression for the career loss rate, encompasses 
this definition while also adhering to the principles employed 


im Equations 10 and ll. 


Career Loss Rate = (eq. 12) 


E-6 Career Loss + E-7 Non-Retirees Loss 
Elig E-6's + Elig E~7's + Elig E-8's + Elig E-9's 


where: 
Elig E-6's = ee 4v0) (§ 2YR lst RENL)(% 2YR 2nd RENL) (E-6) 


+ (.2)(% 4YO) (% 2YR lst RENL) (% 2YR 2nd RENL) (E-6's) 


Terme eoyYyO)(s 2YR lst RENL) (3% 2YR 2nd RENL) (E-6'"s) 
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and, 


Bergiple E-/'s = {(.5) (E-7's) 


Biigiale EBE=-8"'s = (.2) (E-8's) 
Eligible E-9's = (.1) (E-9's) 
E~7 Non-retirees Loss = (.2) (Total E-7 Loss) 


Source: Authors 


Because of the extended TIR's for E-7's shown in Table 9 and 
the Navy's tendency to negotiate re-enlistment contracts of 
two to four year duration, we have estimated that half of the 
E-7 population of FTG's and FTM's will encounter re-enlistment 
decisions each year. Of those E~7's opting to leave the 
Service at these decision points, we have assumed that twenty 
percent have served less than 20 years in the Navy and thus 
become inputs to the loss rate figures. We have further 
Simplified our calculations by assuming that all E-8 and E-9 
departures are attributable to 20-year retirees and thus do 
not affect loss percentages. Only small fractions of the E-8 
and E-~9 populations have been adjudged eligible for re-enlist- 
ment Since servicemen within these rates are usually close to 
or have passed the 20-year service standard for retirement and 
are less likely to sustain additional military obligations. 
Following these assumptions in the application of Equation 12 


to the 1981 personnel stocks of FT's results in career loss 
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percentages of 14 and 6.5 percent for the FTG's and Eris ; 
respectively. 

After having first formulated the loss rate equations 
and derived the percentages associated with the 1981 transi- 
tion matrices, we can examine the effect of replacing the 
1981 personnel loss statistics with 1983 POM goals for loss 
rates. Equation 13 provides the fundamental relationship 


required for this study. 


Losses (Eq. 13) 


Loss Rate = 1l1- Retention Elig Population 


where, eligible population, for each case, is defined as 
the denominators of the Equations 10, ll, and 12. 
Source: Authors 
Substituting the 1983 retention goals into this ex- 


pression gives the following loss rate objectives: 


lst Term Loss Rate = l1- .47 = 2.53 
2nd Term Loss Rate = l1l- .67 = .33 
Career Loss Rate = l1- .98 = 4.02 


Solving for Losses in Equation 13 determines the total number 
of losses required in the 1981 personnel stock figures to 
produce matrices satisfying the 1983 POM goals for retention. 
Once the theorized losses for the 1983 POM matrices 
have been calculated, a means for distributing these departures 


among the beginning inventories of each rate is required. 
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We have utilized the following guidelines in making this 
proportionment: 

1. For first-term loss rates, E-~3 losses are assumed to 
be constant, and the remaining losses are distributed 
between E-4's and E-5's in the same proportions as 
in the 1981 matrices. 

2. For second-term loss rates, the determined losses are 
distributed between E-5's and E-6's in the same 
proportions as in the 1981 matrices. 

3. For career loss rates, the determined losses are 
distributed between E-6's and E-7's in the same 
proportions as in the 1981 matrices. 

Subtracting the resulting distributed losses from each rate's 
actual 1981 loss rate figures gives the number of personnel 
that must be added to the 1981 matrices to produce transition 
flows based on the 1983 POM goals. 

To complete our development of the 1983 POM goal- 
Oriented matrices, the projected gains to be added within each 
1981 rate's beginning inventory must be partitioned into 
appropriate cohorts of the ending inventories. In accomplish- 
ing this division, we have assumed that all additions occur 
in either the cohort representing those personnel remaining 
in the rate throughout the year or in the cohort of those 
technicians advancing to the next rate by year's end. The 
projected gains have been distributed to these two groups 
according to 1981 proportions. The new transition matrices 


are then calculated by dividing the determined cohort sizes 
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by the total number of personnel within each rate. Tables 10 
and 1l display the resulting 1983 POM projections personnel 


transition matrices for the FTG's and FTM's. 


eee SUPPLY 

In the 1980's the United States will experience a signi- 
ficant decline in the sizes of the population cohorts initially 
entering the full time work force. Given this problem, we 
have examined enlisted supply projections by using a mathe- 
Matical model. This section presents the supply issues that 
need to be examined to see if there will be enough personnel 
available to meet the demands for new enlistees. 

The primary means used to determine this supply through 
1990 is a model commonly referred to as the Rand Model. This 
model is a result of Fernandez' work in "Forecasting Enlisted 
Supply: Projections for 1979-1990" [Fernandez, 1979]. In 
his study, Fernandez develops an enlistment supply model for 
Navy non-prior service (NPS) male high school diploma gradu- 
ates (HSDG). The model is developed for mental categories 
I, II, IIIA, and IIIB. This is extremely relevant, since the 
only mental categories recruited for the Fire Control Tech- 
nician ratings are mental groups I, II, and IIIA. 

a see SEment Supply Model 

For the supply-limited mental groups, the number of 
voluntary enlistments into the service in a given month, 
relative to the available youth population pool, is postu- 


lated to depend upon the ratio of military to civilian wages, 
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TABLE 10 


1983 POM Projections Personnel Transition Matrix for FTE's 


End of Year 
E-1/3 E-4 E-5 E-6 E=-7 E-8 E-9 LOSS 


B73 -336 .447 .008 0 0 0 0 209 
E-4 N0266.493) <354 0 0 0 0 ys 
Ea) Hou) Ol .640. .1538° 0 0 0 eo 

Beginning 

of Year 115 0 0 S002 -7/53° -148 #40 0 027 
E=-7 0 0 0 0 Oo. ON ae .098 
=e 0 0 0 0 0 2/o0e 205 Z 
E-9 0 0 0 0 0 0 as 25 


Projected Re-enlistments 
Mino. len SECOND TERM CAREER 


47% 673 98% 


Source: Authors 
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PABLE 11 


1983 POM Projections Personnel Transition Matrix for FTM's 


pnd OL) ,ear 


fo seat Seo E-/ Bas B-9 LOSS 


So seeecsiees| 003 Ci ‘(i‘i ;:CtStéCw‘DS 
E-4 eteecteeeoG 0° «0 oF 0 .1a2i 
Miening 2-5 OBO Ieezze ics 0 )6=CUCNt ( SCtCz«CTS 
eer m6 (Ege eeGsetss -156 0 0 smors 
TY ore ono 655 soree 0 072 
nee POM Bore Gf 4750.05 -2 
£-9 Oc oO) 0. -75  -25 


Source: Authors 
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on the number of recruiters in production for the service in 


that month, on values of the youth unemployment rate, and 


upon certain seasonal factors. This is expressed in Equation 


(14), the basic form of the Rand Model used for our estimation 


of mental groups 


E,/POOL, = ap 


II, and IIIA. 


alr Oe ts b(MP,/CP,) 


ie 


ds 


ip -@ RG ae) lasts ae (aq. old) 


where: 


POOL, 


MDUM. 


CP 


pes tn 


j=0 J t-3 tC 


voluntary enlistments in period t 


weighted average of NPS male civilians 
aged 17 to 21 at time t, the weights 
being the proportions of total DoD 
enlistments of each age in the post- 
draft years; in thousands 


indicator variables for month l 
(January) through ll (November), taking 
on the value 1 if period t falls on 
month i, and zero atherwise 


average first year regular military 
compensation at time t for enlistees 
with less than two years of service 


average weekly earnings in the total 
private economy at time t, seasonally 
adjusted 


number of production recruiters for 
the particular service at time t 


ajil 





U = unemployment rate for males, aged 16 


: to 19, at time t, seasonally adjusted 
Ey = random disturbance term at time t, 
assumed independent and identically 
distributed normal random variables 
with mean zero 
ao LS ea Constant and a., Db, Cc, and or are regression 


derived weights. 


Source: Fernandez, 1979 


A more complete description of variables, including 
sources, are contained in Appendix B of "Forecasting Enlisted 
Supply; Projections for 1979-1990," by Richard Fernandez. 

For our calculations, Fernandez’ input parameters have been 
updated to set military yearly pay equal to 11,300 dollars, 
establish civilian wages of 261 dollars and 85 cents per week, 
and asSign a recruiting force strength of 3540 in 1982 with 

an increase of 50 recruiters each year thereafter. Projected 
youth unemployment rates through the 1980's, obtained from the 
Bureau of Labor Statistics, have also been used in our analy- 
Sis to describe the nation's economy for the next nine years. 
Our resulting enlistment supply estimates are probably some- 
what high since we have considered the military to civilian 
pay ratio to be constant even though servicemen's pay has 
historically lagged advances in nation-wide wages. Applying 
Equation (14) to the updated variables, we have obtained the 
results contained in Table 12. These totals are highlighted 


for years 1982, 1986, and 1990 in Table 13. 
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TABLE 12 


Navy Enlisted Supply Projections 


NPS Males 
Year Mental Groups I and [Ii Mental Group IIIA 
982 30585 20470 
1983 27746 18734 
1984 25404 17404 
os 5 24153 Gy 22 
1586 fs POSH SYS 16037 
1987 I D0 3) iP 15854 
E2388 22094 ySSo6 
939 22045 tooo 
1990 22473 15645 


Source: 
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TABLE 13 


Fire Control Technician Supply Projections 
with 1981 Re-Enlistment Rates 


(Total Supply of Mental Groups I, II, and IIIA) 


OS 2 1986 ESSN 
mand IT IIIA i ctncesf 1 IIIA i and sat IIIA 


30535 20470 229516 16087 21473 15645 


Expected (FT) Accessions Based on 1981 Data 
Geos ceoups Land FE, 1.1% Group IIIA) 


Based on 1981 Re-~enlistment Rates for FT's 


First Term Second Term Career 


28% 66% 903% 


Resulting Stocks Through 1990 


NS 13 i 1986 E990 
Rate EG FTM BAG Pee EG 
E/E 3 oad Ze 2 Zo 255 264 
E-4 1085 PES 6 EAA ili es LOZ IL 
a) ‘Ze 689 944 834 200 
E— 6 438 S\C)is) 427 448 449 
ee / 399 370 349 406 a) 37) 
Eo 85 78 96 103 94 
9 18 1G) is nS 1S, 


SOunce- )  AUENOLS 
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Based on 1981 statistics obtained from the recruiting 
command, only 4.26 percent of mental groups [I and II, and l.l 
percent of mental group IIIA were recruited for the Fire 
Control Technician ratings. By applying these percentages 
to the supply figures indicated in Table 12, we obtain the 
results presented in Tables 13 and 14. As indicated in Table 
13, there will be a decreasing supply in the 17 to 21 year 
Old population available to meet the increasing demand re- 
quired by expanding the fleet to the 600-plus ship level. 

By using the 1981 re-enlistment rates for the FT's 
and inserting the predicted accessions into the resulting 
transition matrix of the basic manpower transition flow model, 
as presented earlier, the stocks of FT's, as shown in Table 
13, are calculated. The number of FT's available in 1990 
will be reduced substantially from present stocks. Even by 
using the POM 1983 projected re-enlistment rates of 47 percent 
for first term, 67 percent second term and 98 percent for 
career personnel, the resulting numbers of FT's still do not 
increase dramatically through 1990 (see Table 14 for specific 
results). 

2. Demand-Supply Comparison 

When the results obtained in our demand analysis are 
compared with the manpower supply projections, possible short- 
falls are indicated. Table 15 compares the ship and shore 
demand with the supply stocks based on the increase re-enlist- 
ment rates in the 1983 POM. This table combines the FTG and 


FTM ratings. As shown, there is an excess of E=l through E-5 


ae, 





TABLE 14 


Fire Control Technician Supply Projections 
with 1983 POM Re-Enlistment Rates 


First Term Second Term 


47% 67% 983 


Resulting Increase in Stock for All Rates 


Career 


1982 1986 
eae YE fo FTG oeuyl TG 
ne 3 310 292 250 262 268 
E-4 Jou eae 1198 1174 1293 1079 
E75 813 803 1145 1078 p32 
e—6 506 579 Ses 642 oor 
a7 426 390 446 505 509 
E-8 88 78 eZ 114 127 
Se) 19 19 20 19 Ze 
Source: Authors 


56 


See, 


PrM 


242 
aes 
1065 

eo 

ors 

147 


24 








sSzxoyyNy +2s01Nno0S 
IJId 
OPPI- -- plL7Zt- -- GS7I- -- pamar 
IAG 
G7G - -- G8S + OLE + -- aes 
TL61T- GEBL 9086 689 - 969L G88 G88 - Z£99 EGE TW LOL 
6872 - OF GEE 9GZ - 6€ G62 Pez - SE ZLZ 6-H 
612 - PLZ € 6h 9IZ - 972 ZH Tee - 99T LOP 9-4 
4 ZZ1UL PSII orp - TS6 L66 GL - 918 T 68 L-a 
906 - OTPI ZCEZ 9GL - 6E72T G66T GOL - S80T O6LT 9-4 
Tet - L612 8EEZ 687 + age ZE6T ro - 9T9T O89T G-q 
Tez - OLZZ Wee PLZ + L9bZ €61Z 667 + 60€Z O10Z p-a 
€PT - OTS €S9 72 Ot EGG Tee GET + Z09 L9Ob €q-TH 
J4IGd ATddNsS GNYWaG J4IG AIddAS GNVYWAG IdId AIddNS GNWWAG TLVu 
O66T 986T Z86T 
386 $19 LP 
WATUWO WHA.L GNOOAS WHAL LSYId 
(€8, WOd) Ssazey JuosuySt[ug_-oy poesesAuyT 


0661 Ybnoazauy, ATddns snsxzdsAQ puewsq seAzAoYSs/dtus pautquog 


GT ATavh 


ST 





personnel up to, and including, 1986. However, starting in 
moeo7 and continuing through 1990, there are major shortfalls 
realized in all rates. For the more senior enlistees, the 
E-6 through E-9 paygrades, the shortages exist today and the 
situation in manning for skilled technicians never improves. 
The figures, which show increasing demands on a yearly basis 
and reducing annual supplies, indicate that the manning pro- 
jections for the future look rather grim. 

Although the enhanced retention objectives of the 1983 
POM will lessen the loss of trained technicians, the planned 
increases in the career force will not totally alleviate the 
discouraging manning outlook presented by our supply and de- 
mand forecasts. Given we could achieve 100 percent manning 
in 1982, and using the 1983 POM projected re-enlistment rates, 
we can see from Table 16 that the manning shortfalls would 
still exist in all rates, except E-7. Therefore, the Navy's 
Manpower managers, working with limited accessions, must not 
only solve the problems in compensating for past deficits, 
but also respond to growth requirements stemming from the 
expanding fleet. Our approach to this perplexing problem is 
to examine the FT training pipeline in an attempt to deter- 
mine the impact increased demand will have on the training 
command and to try to determine methods for eliminating the 


FT billet shortfalls. 


E. TRAINING PIPELINES 
The Navy training system is a complex interrelationship 


of people, equipment, materials, and facilities designed to 
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maintain an effective military capability. The added burden 
on the training command created by the increased demands for 
personnel in the envisioned 600-plus ship fleet will be 
dramatic. In addition to meeting growth requirements of the 
expanded Navy, personnel must be supplied to the training 
pipeline to replace the shortfalls now existing in the E-6 
through E-9 categories. The augmented demand for technicians 
may overload present school facilities and result in lengthy 
time requirements for training. 

Pipeline managers derive student loading requirements for 
the Service schools from the needs to replace personnel losses 
and to satisfy forecasted growth in billet assignments. In 
the preceeding discussions, losses have been projected by 
employing the personnel transition matrices. Additionally, 
gains in billet authorizations for FT's have been predicted 
through the use of mathematical models based on the antici- 
pated ship-mix of the fleet during the 1980's. The deficit 
between these needs and the projected end strengths describes 
a demand for an output of trained personnel from the Navy's 
schools. 

Training command managers must schedule and coordinate 
the pipeline training so that technicians are available at 
the proper time to replace the personnel losses and to fill 
the new billets. Computer simulation models can aid in 
finding solutions to these management problems. Overviews 
of the general training requirements of the Navy and of the 


Specifics of the FT schooling process are presented below 
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and form the basis for the subsequent descriptions of the 
simulation modeling techniques used in our analysis of the 
future fire control technician training process. 
ieeeceneral Training Flow 

The typical enlistee enters the Navy at any one of 
three Recruit Training Centers (RTC's), located at Great Lakes, 
[mirinois, Orlando, Florida, or San Diego, California. After 
completing seven weeks of Basic Military Training (BMT), the 
recruits are processed to initial assignments, either ashore 
or afloat. If the individuals are qualified and selected, 
they will proceed to advanced training courses. These 
schools usually involve Class A school for fundamental train- 
ing in a specific area, followed by Class C school for the 
more technical subject matter to be covered. Depending on 
the type of training selected, the enlistee could poss ibly 
not reach his or her first command for a year and one-half, 
Or more. 

eons Pipeline for Pire Control Technicians 

Figure 1 is provided as a rudimentary guide to the 
Fire Control Technician flow through the training pipeline. 
The FT is recruited as a four year (4 YO) or as a six year 
(6 YO) obligator. The distinction between the two will be 
highlighted later as the pipeline is examined in greater 
detail. The attrition figures shown in Figure 1 and the 
statistics on rollback graduates presented in the following 
discussions are based on 1981 data and have been provided 


by managers of the various Service schools. 
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Once an individual is recruited and enlists for the FT 
rating, several choices must be made. Does the enlistee want 
to be a Fire Control Technician Missile (FTM) or a Fire Con- 
trol Technician Gunnery (FTG)? The differentiation between 
the two is simple, the missile tech FTM works and maintains 
particular missile systems, while the FTG controls primarily 
gunfire support systems. Also, the decision must be made 
whether to go to the surface community or to the subsurface 
community and serve in submarines. Whichever choice is made, 
the training is identical until Basic Electricity and Elec- 
tronics (BE&E) is reached. 

The enlistee also has the option to delay entry into 
the Navy. This program, the Delayed Entry Program (DEP), can 
influence the student loading on the training command. De- 
pending upon the individual, he can wait up to one year after 
Signing up to enter the Recruit Training Center (RTC). The 
advantage with the DEP is that the individual can choose the 
time he enters the Navy, thus dispersing the heavy recruitment 
flows into the RTC's throughout the year. Whether an enlistee 
enters through the DEP or not, he begins his first phase of 
Sedining at the RTC. Basic training of the recruit is con- 
cerned with transforming a civilian into a potential member 
of the Navy. In the space of a few short weeks, the recruit 
learns primarily how to adapt to military life. This train- 
ing is very general in character because of the wide variety 


of programs open to all individuals after they finish basic 
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meaning. AS Shown in Figure 1, the attrition rate for FT's 
through the RTC is relatively low at five percent. Ifa 
recruit is having academic or physical difficulties through 
RTC, he can be rolled back or delayed in graduation for 
approximately two weeks. This figure is also low, and is 
about five percent. 

At the conclusion of the basic training, the FT re- 
cruit is sent to BE&E School. The overall objective of this 
school is to provide the basic technical knowledge and skills 
in electrical and electronics theory and application which 
are prerequisites for additional training at Class A Schools. 
The course employs a computer managed, individualized multi- 
media instructional system, wherein each student proceeds at 
his best learning pace, allowing the individual student to 
proceed at a reasonable speed through the curriculum. 

Several important activities transpire at this particu- 
lar phase of training for the FT. First, they are subdivided 
into their specific communities. The FTG (subsurface) per- 
sonnel spend approximately six weeks here before proceeding 
On to Basic Submarine School. The FTG/FT (surface) seamen, 
on the other hand, stay in BE&E School for about 12 weeks. 
These times will vary, of course, because it is a self-paced 
type learning experience and the more proficient individuals 
finish earlier, with the less adept taking somewhat longer. 
second, as attested to by the high attrition rates for the 
FTG (subsurface) students, 22 percent, and for the FTG/FTM 


(surface) trainees, 28 percent, a weeding out process takes 


65 





place. This is a very necessary step because the individuals 
who cannot handle the educational and mental demands placed 
on them at BE&E School would certainly not be able to make 

it further in the training cycle as the courses of instruc- 
tion become more difficult. Those who attrite from BE&E 
School are sent back to the fleet for reassignment, with 

some being allowed to apply for a different rating. 

Upon completion of the BE&E training, the FTG(SS) 
trainees go to basic Submarine School. The course of instruc- 
tion is six weeks in length and is designed to provide funda- 
mental knowledge of submarine duty and escape procedures. 

The attrition rate is nine percent, with the sailors attriting 
returning to the surface community for reassignment. As with 
the RTC, the school has a rollback rate of about 15 percent, 
which allows the willing but somewhat less capable students 

to delay approximately one week before proceeding on to the 
next phase of training. 

Once they have completed basic Submarine School, the 
FTG(SS) trainees go to Underwater Fire Control Technician 
Class A School. The main purpose of this school is to provide 
the personnel with a basic knowledge of the fundamentals of 
electronics, fire control electromechanical devices, and ana- 
log and digital computers. It also provides them with the 
prerequisites for further advanced electronic equipment or 
system training in the submarine community. The FTG(SS) A 
School is 12 weeks in length with an attrition rate of eight 


percent. The attriters are sent back to the surface community 
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for reassignment and redesignation. This school has a 16 
percent rollback rate. 

Contrarily, the FTG/FTM (surface) sailors proceed from 
BE&E School to Fire Control Technician Phase I A School. The 
main purpose here is to provide E-1l through E-3 personnel a 
basic knowledge of the fundamentals of electronics, fire con- 
trol, electromechanical devices, and general purpose test 
equipment. Also, the course covers material on electrical 
safety, basic electronics (solid state RF/AF theory), motors 
and generators, computers and fire control problems. The 
students are in Phase I A School 11 weeks before going to 
Phase II of A School. The attrition rate 1s approximately 
three percent with a 15 percent rollback feature. One note 
of importance at this point, not all FTG/FTM trainees go to 
Phase II of A School. Approximately 25 percent of the students 
are four year obligators and, instead of continuing to more 
advanced schooling at Phase II and C School, are assigned 
directly to fleet or shore commands. Only six year obliga- 
tors continue to advanced training at Phase II and C Schools. 
Additionally, the lower one-third of the class in Phase I is 
not permitted to continue to higher levels of training and 
are reassigned, terminating their training. In other words, 
only six year obligators in the top two-thirds of the class 
complete Phase I of A School and continue to Phase II. 

Phase II of A School is designed to prepare trainees 
for advanced equipment or systems courses. It covers radar 


principles, analog and digital computer fundamentals, and 
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combat weapons systems concepts. This school is 12 weeks in 
length and has a very small attrition rate of only three 
percent. As with the other schools in the training pipeline, 
an approximate 16 percent rollback feature is incorporated. 

At this point the system becomes rather intricate be- 
cause the FTG(SS), FITM (surface), and FTG (surface) communi- 
ties split into different directions. The FTG(SS) trainees, 
having already been separated, divide again into different 
and unique Underwater Fire Control Technician Class C Schools. 
Each school is classified according to the specific weapons 
system the individual is being trained to operate and maintain. 

All FTG(SS) C Schools are designed to provide tech- 
nicians with knowledge of weapon systems theory of functional 
operation, and practical experience in both equipment operat- 
ing procedures and organizational maintenance. The training 
cougses use multi-media, group-paced instructional techniques 
which include a hands-on, specialized training approach to 
learning. Once the FTG(SS) trainees complete their course 
of study at the designated C School, they are assigned a 
Specific Navy Enlisted Classification Code (NEC). This code 
designates the individual as a specialist in a particular 
combat system. 

Unlike the FTG(SS) community, the FTG and FTG sur- 
face trainees have stayed together throughout the pipeline 
until this point. Once they complete A School Phase II they 
Separate and are assigned to various Fire Control Technician 


Meass C Schools. The specific C Schools vary in length, 
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like the FTG(SS) community, from a minimum of eight weeks to 
a maximum of 42 weeks. Not everybody attends just one C 
School. The majority of students attend between three and 
seven schools. Therefore, like the FTG(SS) sailors, the 
average time spent in the C School area is approximately 28 
weeks. This holds true for both FTG and FTM students. The 
C Schools are designed along the same lines for the FTG/FTM's 
as with the FTG(SS) community. They provide the more advanced 
training for functional operation and practical experience 
for equipment performance and maintenance. 

Upon completion of the C School phase, again the 
individual 1s assigned a specific NEC which classifies him 
as specialist in the weapon system his training was centered 
around. The overall attrition rate for the FTG and FTM 
surface community is four percent, which is somewhat lower 
than that of the FTG(SS) sailors. No specific reason is given 
for this attrition anomaly. The FTG or FTM trainee is now 
ready for assignment to a shore or fleet command, as deter- 
mined by the needs of the Navy. 

As presented, the training flow of the FT's is rather 
complex. Each school through the pipeline has its own 
unique qualities, which include varying attrition, student 
loading, lengths, and rollback rates. By summing just the 
nominal lengths for the various schools through the FTG sur- 
face pipeline, we can see that the total time expected in 
the training cycle is 68 weeks (one year and four months). 


This leads to some interesting problem areas and implications. 
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For example, little or nothing has been mentioned of the de- 
lays due to travel time, or wait time for the school to begin. 
Not all schools begin the day the student arrives. Many 

times the student must wait several days or weeks to start 

the school assigned. Rollback or setback rates can certainly 
affect the completion times and also affect the student load- 
ing factor of the different classes. All these factors con- 
tribute to the length of stay in the FT pipeline. 

In the first part of this chapter, certain requirements 
or demands were given for the fleet and shore commands. Since 
these demands are on an annual time table, the lag time re- 
quired to train the students has a dramatic effect on the 
overall manning of the Navy today. Pipeline managers need 
to recognize this required lead time, including queue times 
and external factors, which affects the flow of students. 

As stated before, the overall objective of the train- 
ing pipeline is to maintain an effective military capability. 
The growth of the Navy to 600-plus ships will have a major 
effect on the training command's ability to perform this 
task. Requirements for increased class sizes and the needs 
for additional instructors, materials, and facilities will 
be important considerations in mapping the Service's response 
to the manning problems we have forecasted. Examination of 
the FT training pipeline demonstrates the extent to which the 
training command will be affected by the projected growth of 
the fleet. The predicted FT schooling requirements are com- 


plex, but form only a small input to the overall training 
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and manpower problems that will be encountered by the Navy 


in fulfilling needs for a multitude of ratings. 


qa: 





III. SIMULATION MODELING METHODOLOGY 


meee «CU LNERODUCTION 

OPNAV Instruction 1500.83, in detailing the Navy's train- 
ing planning process in support of systems developments, 
recognizes that “affordable and cost effective training must 
derive from trade-off analyses of manpower, personnel, and 
training resources." Congressional constraints on enlistee 
qualifications and manpower authorizations establish recruit- 
ing goals and impact upon the academic potential of the en- 
listed force. Decisions within the Navy Military Personnel 
Command influencing the retention of skilled servicemen or 
the promotional opportunities of sailors are directly reflected 
in the demands placed upon the training command and in the 
number of accessions required each year. Similarly, training 
school objectives dictating factors such as course durations, 
student-instructor ratios, or grading standards affect re- 
Cruiting command guotas and the availability of trained 
personnel for billet assignment. Responsible policy develop- 
ment within one of the three sectors of the Navy's total 
manning posture must therefore consider the forecasted 
effects upon the other resources. 

Our analysis of supply and demand figures for the FTG and 
FTM ratings suggests that modifications in the Navy's man- 
power and personnel policies will be required during the 
1980's in response to changing demographics and the proposed 


fleet expansion. These policy shifts will undoubtedly 


1? 





necessitate adjustments within the fire control technician 
training process as the Navy's schools react to varying 

inputs and increasing numbers of senior technician billets. 
However, our projections are predicated upon a series of 
assumptions imposed to simplify the economic, social, tech- 
nological, and political environments for the next nine years. 
Small variations in any of the factors influencing these 
anticipated environments can substantially alter the forecasts. 
For example, Dr. Rolf Clark, noting expected reactions in 

the Navy's proposed growth to fiscal restrictions and market 
pricing, estimates that a reduction of one percent in procure- 
ment dollars will induce a ten percent decrease in force size 
in the 1990's [Clark, 1980]. This degree of sensitivity, 
coupled with the obvious difficulties in correctly depicting 
all of the input variables throughout the 1980's, renders the 
accuracy of our forecasts, particularly in the long-range 
Supply determinations, conditional upon nation-wide trends 

and global developments. For this reason, proposed training 
command policies derived from these forecasts must be annotated 
to describe the underlying assumptions. 

In view of these complexities in prediction and of the 
Wide range of environmental conditions possible from changes 
in the multitude of input parameters, a method for studying 
policy options under alternative climates is needed by the 
managers of the Navy's training command. A viable technique 
will enable manpower planners to assess proposals arising 


from unexpected shifts within the economic, social, 
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technological, and political arenas. Accordingly, we have 
designed a simulation model of the fire control technician 
training pipeline and, using the SLAM programming language, 
adapted this representation for computer analysis. Our 
subsequent study illustrates the usefulness of this modeling 


approach for timely and cost-effective policy evaluation. 


B. SIMULATION MODELS 

Researchers have often been confronted with the problem 
of predicting the performance of a collection of interacting 
objects which, when grouped as a whole, identify a system. 
From studies of this nature, investigators have developed 
metnods for constructing conceptual models that demonstrate 
the functioning of the system and facilitate understanding 
the influence of component factors. ,The degree of detail and 
the size of these models are characterized by the scope of 
interest of the examiners. Thus, the perceptual framework 
May limit the study to only a segment of a larger, encompas- 
Sing system. 

Simulation problem-solving techniques can be traced 
hundreds of years in history and include the early develop- 
ment of navigational tables. However the widespread applica- 
tion of the methodology began after World War II and has 
paralleled the advancements in computer hardware and software. 
Until this boom in technology, research was restricted to 
analytical studies that were generally expensive and time- 


consuming, even in simplified forms. With the rapid progress 
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marecomputers during the 1950's and 1960's, the cost of multi- 
ple computations was substantially lowered and step-by-step 
manipulations of complicated, dynamic systems became economi- 
cally feasible. The enhanced computer capabilities gave 
analysts the freedom to build complex mathematical models 
that could be translated into machine programs for relatively 
quick experimentation. These computer-applied mathematical 
representations of systems have become known as simulation 
models. 

The related process of simulation modeling can therefore 
be defined as "the representation of the dynamic behavior of 
the system by moving it from state to state in accordance 
with well-defined operating rules" [Pritsker and Pegden, 1979]. 
The description of the system is accomplished through equa- 
tions indicating the values of a set of variables throughout 
a period of time. As these variables assume specific attri- 
butes, the conditions of the entire system at any particular 
time are defined. Manipulations of the initial variable set- 
points or of the mathematical rules delineating movements 
over time permit the investigations of alternative system 
atbrangements. 

The universal application of simulation modeling for 
systems problem-solving has established the method of 
analysis as a leading operations research technique within 
both the private and public sectors of the economy. Initial 
interests in this approach focused on efforts in the 1950's 


by military leaders to produce superior, yet affordable air 
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defense weapons systems and by civilian engineers intent on 
optimizing solutions to large scale problems, such as river 
basin water control [Forrester, 1968]. Then, with the 
improvements in digital electronic computers in the early 
1960's, the business world began utilizing simulation in the 
study of market trends. Dr. J.W. Forrester of the Massachu- 
setts Institute of Technology further intensified the tech- 
nigque's employment in management science during the late 
1960's with his explanations in the field of industrial 
dynamics. The growth of simulation modeling continued through 
the 1970's and the methodology is now applied to a long list- 
ing of management topics, including maintenance scheduling, 
information system design, consumer behavior prediction, and 
inventory control models. 

In addition to their broad applicability, simulation models 
are beneficial in reducing the cost, risk, and time required 
to analyze systems. For example, computerized simulations can 
represent the operations of proposed systems and identify 
poor design features prior to construction expenditures. Func- 
tions of existing programs can also be modeled and studied 
without disturbing the status quo or unnecessarily lowering 
productivity. Furthermore, the technique permits the safe 
testing for the functional limits of a system's components. 
These advantages are augmented by the time savings created 
by the processing speeds of today's computers. 

The popularity of simulation modeling has stimulated the 


output of a variety of computer-based languages designed 
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Ewecitically for this type of experimentation. Some of the 
most widely used computer adaptations are the continuous- 
system simulation languages DYNAMO and CSMP-III, and the dis- 
crete modeling languages GPSS, SIMSCRIPT, and SIMULA. The 
continuous simulation models illustrate systems in which the 
rates of change in the values of variables are a function of 
time and are therefore expressed as algebraic, difference, 

or differential equations. In contrast, the discrete repre- 
sentations describe operations where variable attributes 
change instantaneously at precise times. 

Each of the commercially available simulation languages 
offers some advantages over its competitors. DYNAMO, which 
Originated at MIT to supplement work in industrial dynamics, 
1s easy to learn and, despite an unsophisticated integration 
methodology, is often employed by social sczentists to evalu- 
ate information feedback systems. Continuous System Modeling 
Program III (CSMP-III) is a FORTRAN-based language with ex- 
cellent output capabilities and diagnostics, although its 
usage is relatively expensive. Of the discrete modeling 
languages, SIMSCRIPT is the most machine-independent and 
encompasses outstanding data collection features. However, 
SIMSCRIPT programs are sometimes hampered by noncomprehensive 
diagnostics, which lead to poor debugging, and by low error 
detection warnings. The latest version (V) of General Pur- 
pose Simulation System (GPSS) provides improved debugging 


Saeeoitlities, but is limited in its application to basic 
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queueing and inventory problems. SIMULA, popular in European 
scientific and administrative research, is a complex exten- 
sion of the ALGOL language that enhances programming of 
special experimental models [Jacoby and Kowalik, 1980]. 

Table 17 compares the features of the three prominent dis- 


crete simulation languages. 


S. sLAM 

Although many of the available simulation languages are 
capable of satisfying our immediate experimentation with the 
Navy's training command processing of FT's,we have selected 
the recently introduced program entitled Simulation Language 
for Alternative Modeling (SLAM). Developed in 1979 by Claude 
Dennis Pegden and A. Alan B. Pritsker, this processing 
package contains the flexibility to model network-oriented, 
discrete-event, and continuous systems, or a combination of 
these structures. This unique feature overcomes major draw- 
backs in other languages and provides the framework for poten- 
tial extensions to the current research. Additionally, SLAM 
is written in compliance with 1966 ANSI FORTRAN standard to 
ease implementation on a large number of computer installa- 
tions. Also important from a Navy standpoint, a SLAM proces- 
sor is presently utilized by the Department of the Navy Train- 
ing Analysis and Evaluation Group located in Orlando, Florida. 

The unified framework of SLAM, which enables the inter- 
face of network, event, and continuous segments of systems, 


Significantly enhances the modeling powers of the user. 
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Discrete Simulation Languages' 


FEATURE 


Versatility 


Computational 
facilities 


General-purpose 
programming 
facilities 


Ease of use 


Computational 
efficiency 


Data collection 
facilities 


PmeOuc-Output 
facilities 


Compiler 
availability 


Source: 
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GPSS 


Restricted 


Poor 


No 


Easy 


Low 


Adequate 


Inflexible 


Good 


Jacoby and Kowalik (1980) 
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SIMULA 


General 


Good 


Yes 


For 
advanced 
users 


High 


Good 


Good 


Restricted 
(in USA) 


Pearuzes 


SIMSCRIPT 


General 


Good 


Yes 


@r 
advanced 
users 


High 


Excellent 


Good 


Very good 





Analysts can minimize modeling efforts by employing the con- 
venient network-orlentation (or process orientation) capabili- 
ties for sizeable portions of sophisticated systems, while 
turning to the flexibility, but complexity of the discrete 
event orientation when needed. Under the continuous system 
approach, the programmer may specify that the values of the 
state, or continuous, variables be computed using either a 
fixed step function or a variable step size determined by 
the Runge-Kutta-Fehlberg numerical integration algorithm 
[Pegden and Pritsker, 1980]. The following interactive fea- 
tures are possible through combinations of these three 
orientations: 

1. Entities in the network model can initiate the 
occurrence of discrete events. 

2. Events can alter the flow of entities in the 
network’ model. 

3. Entities in the network model can cause instan- 
taneous changes to values of the state variables. 

4. When state variables reach prescribed threshold 
values, they can initiate entities in the network 
model. 

5. Events can cause instantaneous changes in the values 
of state variables. 

6. When state variables reach prescribed threshold 


values, they can initiate events. 


[Pegden and Pritsker, 1980] 
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The compatibility of the three approaches permits the evo- 
lutionary construction of models and frees the researcher 
from the restrictions imparted when the initial orientation 
must govern the entire analysis. Furthermore, SLAM modeling 
eliminates the requirement to program events in chronologi- 
cal order. Although we have focused our analysis exclusively 
upon a network model, a fundamental description of the three 
modeling views is presented below to facilitate discussions 
of future studies. 

1. Process Orientation (Networks) 

The basis for many simulations entails the sequencing 
of system elements in a predetermined pattern. For these 
models SLAM utilizes the process orientation to establish 
network structures and to route entities through a series of 
elements, such as queues, servers, and decision points, that 
Beeesent the system of interest. The programmed network is 
formed by the use of specialized SLAM symbols for nodes, 
which designate functions to be performed, and branches (or 
activities), which specify the movement of items between the 
nodes. The flows of entities through the system structure 
are thus directed by decision-logic characteristics of each 
node and branch. To aid in the collection of data on the 
dynamic behavior of the system, SLAM incorporates notation 
to differentiate the entities through the assignment of 
attributes. The effectiveness of this simulation is dependent 
upon the analyst's ability to create a pictorial represen- 


tation of the network operation and to transcribe the model 
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into program statements acceptable for translation by the 
SLAM processor. 

As entities, representing trainees in our system, are 
routed across branches of the SLAM network model, several 
characteristic functions can be specified. A primary uti- 
ieation of the branch symbology is the inputting of explicit 
time delays into the model with the designation of an activity 
duration. The delay can be depicted as a constant value, a 
random sample from a probability distribution, or a specified 
attribute of the arriving entity. Using an activity-scanning 
feature, SLAM programs can also make the timing of activities 
dependent upon the release time of a prescribed node. Another 
prominent usage of the branch terminology is the assignment 
of a probability or a condition necessary for an entity to 
follow a particular path in the model. Additionally, for 
branches representing services for the routed entity (the 
activities frollowing QUEUE and SELECT nodes), the number of 
parallel servers may be indicated. Finally, the programmer 
Mummootain statistical data for an activity's utilization by 
asSigning an activity number. Figure 2 gives the SLAM sym- 
bology for diagramming activities. 

Distinct system functions are introduced in SLAM net- 
work models by the use of nodes. The fifteen available node 
types are shown in Table 18. These functions further deline- 
ate the flow of items through the model and amplify the user's 


Options in describing system performance. Adding a defined 
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DUR, PROB, or COND 


@ EI 





The symbol for a branch representing an activity 
rm whach : 


N 1s the number of parallel servers 
if the activity represents servers 
A is an activity number (an integer) 


DUR is the duration specified for the 
activity 


PROB is the probability of selecting the 
aCeay Ley 


COND is a conditional expression for selecting 
the activity if the activity is a nonserver. 


Source: Pegden & Pritsker (1979) 


FIGURE 2. SLAM Symbology for Diagramming Activities 
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maximum number of branches to be taken when departing a node 
(indicated by the M values in Table 18) to the probability 
and conditional characteristics of branches completes the 
entity routing specifications. Processing stations encom- 
passing delays experienced while entities receive services 
according to inputted selection and priority criteria are 
symbolized with the QUEUE, SELECT, and MATCH nodes. Simula- 
tion of resources, Or commodities, required by entities prior 
to continued movement in the system is achieved through the 
application of AWAIT, FREE, PREEMPT, and ALTER nodes. Simi- 
larly, OPEN and CLOSE nodes control the positioning of gates 
located within the model to temporarily halt the flow of 
items. The COLCT node enables the analyst to generate sta- 
tistical outputs and histograms of system behavior. 
2. Discrete Evert Orientation 

In discrete event modeling, dynamic changes to a sys- 
tem's status are specified according to the logical conse- 
quences or events as they occur ina time-ordered sequence. 
SLAM programs of discrete models utilize events to initiate 
and complete activities. Thus, entities arriving at or de- 
parting from activities trigger modifications to the system's 
variables and to the attributes of the entities. The user 
prescribes the mathematical relationships of these changes in 
FORTRAN-coded subroutines. Construction of discrete models 
1s simplified by SLAM-provided subroutines of commonly used 
functions. Table 19 displays a set of these subprograms 
Satisfying approximately ninety percent of discrete event 


modeling requirements [Pegden and Pritsker, 1980]. 
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The basic organization of SLAM modeling for discrete 
events is shown in Figure 3. In general, the user must 
develop the main program initialization steps and the subrou-~ 
tine EVENT(I) which establishes the sequencing of the pro- 
gram's events. The initialization subroutine (INTLC) is 
an optional input used when conditions other than the initial 
designations of the main program are added. The output sub- 
routine (OTPUT) is also optional and allows the analyst to 
extract data in amplification of the normal reports. Aided 
by the subroutines and functions of SLAM, the modeler builds 
the event routines to describe the consequences from the 
accomplishment of the calendar of events set forth in subrou-~ 
tine EVENT (I). 

3. Continuous Modeling 

The third approach within the SLAM language to simu- 
lation systems is continuous modeling. In this technique, 
the performance of the system is represented with a set of 
equations describing the changing status of the model's 
variables as time progresses. These determining character- 
istics, called state variables, and their required derivatives 
are updated throughout the simulation process in accordance 
with user-identified step sizes. When the state variables 
cross defined thresholds in a specified direction, events 
which instantaneously alter the status of the entire system 
are instigated. Time-histories of the state variables are 
produced by the SLAM program to supplement evaluation of the 


system's behavior during the testing period. 
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Modeling strategies for continuous and discrete event 
systems in SLAM are closely related and thus lessen the ad- 
justments required for analysis under combined orientations. 
Figure 4 charts the continuous system organization of SLAM. 
As in the discrete event processing, the user exercises op- 
tions in writing subroutines INTLC and OTPUT, and delineates 
the consequences of the occurrence of state event I in the 
subroutine EVENT(I). However, the continuous system modeler 
is also responsible for developing a subroutine STATE that 
introduces the equations identifying the state variables. 
Additional specifications must also be inputted in the SLAM 
initialization steps. The state-event (SEVNT) statement 
determines the conditions of threshold crossings necessary to 
initiate system status changes. Step sizes used in the com- 
putation of difference or differential equations of the state 
variables are indicated in the CONTINUOUS input statement. 
Time-history documentation requirements of the simulation are 
placed in the RECORD input, prescribing the interval of out- 
put reports, and in the variable (VAR) statement that lists 
the dependent variables to be studied for each independent 
variable. 

4. Combined Modeling 

Each independent orientation employed by the SLAM 
language offers attractive modeling features to the analyst. 
Moreover, the accumulation of the three approaches within 


one processor package is both convenient and cost-effective. 
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However, the most significant characteristic of the SLAM 
Meogram, and the one that distinguishes it from other com- 
Be@eer Simulation languages, is the combined modeling capa- 
bility. SLAM establishes this united concept with the addi- 
tion of several simple node functions that govern the opera- 
tions conducted at orientation interface points. As an 
example, entities transgressing a network and arriving at 
the special EVENT node cause a designated discrete event to 
be performed. Similarly, a network DETECT node will detain 
an entity until a continuous system state variable reaches 

a setpoint value and thus releases the entity. Interactions 
of the discrete event and continuous models are provided in 
the use of the previously described SEVNT statement. An 
informative synopsis of SLAM techniques for combined modeling 


is presented by Pegden and Pritsker (1979). 


’ 


5. SLAM Summary Report 


The primary output for analysis from SLAM programming 
is the Summary Report. This compilation of statistics for 
a system's operations is routinely produced at the end of a 
Simulation, but may be requested at periodic intervals 
throughout the system trial. Beginning with a general, des- 
criptive section, the Summary Report is partitioned into 
Seven Categories of information. In addition to the initial 
identification data, statistics are displayed for variables 
based on observations, time-persistent variables, files of 
queues, regular activities (stemming from nodes other than 


QUEUE and SELECT), service activities, and resources. In 
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Empliafication of these comprehensive figures, the network 
orientation allows the display of histograms depicting the 
variations in the duration of selected components within the 
total system process. The continuous model organization also 
mmevices detailed plotting of collected data for in-depth 


analysis. 


D. FIRE CONTROL TECHNICIAN TRAINING PIPELINE SIMULATION 
Simulation modeling has proven to be a cost-effective 
method of studying administrative and policy decisions ina 
wide variety of management situations and has been adopted 
by Many military operations research organizations. Further 
application of the analytical tools incorporated in this 
methodology can potentially aid in the mapping of managerial 
strategies within the Navy training command. Rising per- 
sonnel payrolls, advancing technology, and increasing force 
requirements throughout the 1980's will demand maximized 
efficiency in the operations of Navy schools. Anticipated 
budgets will be unable to absorb manpower productivity losses 
resulting from delays within the schools commands as students 
await available classrooms and convening dates. School 
capacities must therefore be planned to sustain technical 
expertise while minimizing operating, maintenance, new con- 
struction, and overhead expenditures. Varying student entry 
points into the pipeline and scheduling modifications may 
affect the speed at which technicians are trained and thus 


may be valuable options in responding to short notice or 
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unforeseen manning developments. These, and other policy 
alternatives, are especially suited for simulation analysis 
and can be conveniently modeled with network orientation pro- 
cedures. As a demonstration of the strengths of this tech- 
nique, a SLAM simulation, to be used in the assessment of 
policy options for filling existing and projected fleet man- 
ning shortages, has been developed for the fire control tech- 
meeitan training pipeline. 

Our modeling of the FT training pipeline is founded upon 
the concepts diagrammed in Figure l and follows the general 
guidelines for SLAM network processing. The model is divided 
into sections representing the five phases of the normal train- 
ing progression: Recruit Training Command (RTC), Basic Elec- 
tricity and Electronics School (BE&E), A School Phase I, A 
School Phase II, and C School. The capacity of the SLAM 
language to process systems programmed without chronological 
order simplifies the initial modeling and permits the addi- 
tional splitting of the network into individual FTG and FT 
C Schools, and into a separate FTG(SS) pipeline that entails 
a Submarine School phase. Although in some cases service 
veterans and fleet personnel sources of manpower inputs are 
not presently utilized, we have included provisions for intro- 
ducing these prospective trainees to the system so as to pro- 
vide a broader latitude in policy analysis. We did not find 
it necessary to venture beyond network structuring in our 
methodology, but the basic model can easily be expanded for 


future research of a specialized or complex nature by 
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interfacing with discrete event and continuous systems 
terminology. The complete SLAM program for the FT training 
pipeline is listed in Appendix A. 

Although we have exercised freedom while imposing simpli- 
fying assumptions for our pipeline model, we have also in- 
serted a large number of variables for policy experimentation. 
Class convening dates are programmed at constant intervals 
that do not consider holidays or possible adjustments caused 
by equipment casualties. Furthermore, annual leave time 
earned by the trainees is not added to the network. It 1s 
reasoned that these authorized off-duty periods will be granted 
to servicemen awaiting class start dates, thereby reducing 
the effects of lengthy queues within the pipeline. Difficulty 
in modeling the many possible paths and time requirements of 
the complicated C School phase is overcome by representing 
the training as a single course with a duration determined 
by a normal distribution function. Lines three through eight 
of the SLAM program are initialization statements delineating 
thirty-one input parameters that can be varied in the study 
of policy alternatives. Table 20 identifies these XxX(T) 
variables. In addition to these variable inputs, many other 
parameters, such as travel times, class sizes, personnel 
input frequencies, and length of schools, can be easily modi- 
fied to enhance alternative analysis. The range of these 
potential changes can be drawn from the explanations of each 


phase in our SLAM program presented below. The modeling 
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TABLE 20 


SLAM Program Variables for Pipeline Simulation 


Varlable 


XX (1) 


Kx (2) 
mx (3) 
XX (4) 


XX (5) 


XX (6) 


mx 7) 


XX (8) 


XX (9) 


XX (10) 


mx (11) 


PoC 2} 


mo 13) 


XX(14) 


XX (15) 


XX (16) 


Description 


Percent of recruits that are 4 year 
OorGators . 


Percent of recruits completing RTC on-time. 
Percent of BE&E trainees that graduate. 


Percent of surface A School Phase I 
trainees that graduate on-time. 


Percent of surface A School Phase I 
trainees that graduate, includes on-time 
and rollback finishers. 


Percent of surface A School Phase I 4 year 
obligator graduates that extend to 6 year 
obligators. 


Percent of surface A School Phase II 
trainees that graduate on-time. 


Percent of surface A School Phase II 
trainees that graduate, includes on-time 
and rollback finishers. 


Percent of surface FTG C School trainees 
that graduate on-time. 


Percent of surface FTG C School trainees 
that graduate, includes on-time and 
rollback finishers. 


Percent of surface school service veteran 
inputs that are FTG's. 


Percent of FTM C School trainees that 
graduate on-time. 


Percent of FTM C School trainees that 
graduate, includes on-time and rollback 
finishers. 


Percent of BE&E School surface fleet 
personnel inputs that are 6 year obligators. 


Percent of A School Phase I surface fleet 
personnel inputs that are 6 year obligators. 


Percent of A School Phase II surface fleet 
personnel inputs that are 6 year obligators. 


oe 





Variable 


mx(17) 


XX (18) 


XX (19) 


XX (20) 


xox (2 1) 


pox (22) 


reoe(2 3) 


XX (24) 


mx (25) 


XX (26) 


XX (27) 


XX (2 8) 


m( 29 ) 


XX (30) 


XX (31) 


TABLE 20 (Continued) 
Desert Delon 


Percent of recruits completing RTC, 
includes on-time and rollback finishers. 


Percent of fleet personnel inputs to 
surface school that are FTG's. 


Percent of fleet personnel FTG Subsurface 
inputs to BE&E School that are 6 year 
obligators. 


Percent of FTG fleet personnel inputs to 
Submarine School that are 6 year obligators. 


Percent of Submarine School trainees that 
graduate on-time. 


Percent of Submarine School trainees that 
graduate, includes on-time and rollback 
finishers. 


Percent of fleet personnel inputs to FTG 
subsurface A School that are 6 year 
obligators. 


Percent of FTG Subsurface A School trainees 
that graduate on-time. 


Percent of FTG Subsurface A School trainees 
that graduate, includes on-time and rollback 
finishers. 


Percent of FTG Subsurface C School trainees 
that graduate on-time. 


Percent of FTG Subsurface C School trainees 
that graduate, includes on-time and roll- 
back finishers. 


Percent of 4 year obligators assigned as 
FTG's. 


Percent of 6 year obligators assigned as 
FTG (surface). 


Percent of 6 year obligators assigned as 
either FTG (surface) or FTM. 


Percent of 6 year obligators converted to 
4 year obligators at completion of surface 
A School Phase I. 


Source: Authors 
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techniques incorporated in the construction of the Recruit 
Training Command and BE&E phases of the training pipeline 
illustrate the concepts employed throughout our system struc- 
ture and will be developed in detail. Brief descriptions of 
the subsequent phases, including explanations of unique char- 
acteristics, will augment diagrams depicting the specific 
flow of each segment of the network. 
mm initialization 

The first fourteen lines of the FT training pipeline 
program (see Appendix A) are introductory statements estab- 
lishing initial conditions for the network. Following the 
initialization of the thirty-one parameters are statements, 
lines 10-14, prescribing the use of BE&E School quotas by 
both the surface trainees and the subsurface participants. 
The maximum number of surface designated quotas, 360, and 
subsurface designated resources, 40, available at any one time 
are based on calculations from the 1981 data of trainees 
processed by the three BE&E schools contributing to the FT 
pipeline. The start (STRT) and begin (BGN) gates programmed 
in lines 12 and 14 are employed to schedule students' commence- 
ments of the BE&E School on weekdays only. Lines ll and 13 
demonstrate the SLAM language capability to annotate input 
terminology with descriptive comments directly following the 
ending semicolon of the statement. This attractive feature 


1s utilized throughout the program listed in Appendix A. 
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ae ReebuLt Thaining Command Phase 


Direct translation of our pipeline model into SLAM 
input statements begins with the RTC phase of the network. 
Figure 5 presents the SLAM diagram of this structure. The 
introduction of recruited FT's is accomplished with a CREATE 
node specifying the rate at which accessions enter the train- 
ing process. Recognizing that Navy recruiting success is 
governed by seasonal fluctuations in the numbers and enlist- 
ment desires of the available population and therefore varies 
substantially during the course of a year, the programmed 
model allows the user to modify the accession rate every calen- 
dar quarter for each of the nine years examined in this study. 
These quarterly rates result from the application of the 
percentages of total 1981 accessions recruited in each three 
month period to the Rand Model projections for Navy enlist- 
ments of male, non-prior service, mental category I, II, and 
IIIA individuals in each of the investigated years. [In addi- 
tion, the model is initially simulated for a three year period, 
at a constant 1981 accession rate, allowing the designed sys- 
tem parameters to stabilize and thereby eliminating unwarranted 
biasing caused by inaccurate assignment of starting values. 

At the completion of this run-in period, the SLAM program 
Clears the statistical data files and begins compilation of 
the figures outputted in the SLAM Summary Report. 

The recruits introduced at the CREATE node enter the 
system and immediately arrive at a decision point, repre- 


sented in the model by the GOON node labeled RECR. A 
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specified percentage of the accessions are routed to the RYO 
ASSIGN node and are designated as four year obligators, 

while the remainder of the entities travel to the EYO ASSIGN 
node for designation as six year obligators. Since current 
Navy policy does not permit four year obligators to enter the 
subsurface training pipeline, all accessions following this 
path of the model are assigned either to the FTG (surface) 

or FTM training cycles. This differentiation is accomplished 
through the two branches, or activities, emanating from the 
RYO ASSIGN node and leading to the FYOG and FYOM ASSIGN 
nodes. Six year obligators entering the FT training pipeline 
can be assigned to one of three possible career paths: FTG 
(surface), FTG (subsurface), or FTM. The three branches of 
the model originating at the EYO ASSIGN node are used to 
specify the proportions of accessions programmed into these 
career patterns. 

In SLAM branch programming, the conditional routing 
characteristics of grouped activities are prioritized accord- 
ing to the order of input. The breakdown of the six year 
obligators into service ratings serves as an excellent exam- 
ple of this methodology. In lines 106-108 of the program, the 
SLAM variables XX(29) and XX(30) are employed to distinguish 
the entities routed to each of the three career categories. 
SLAM variable XX(29), the governing factor in the first 
condition listed, represents the fraction of six year obli- 
gators entering the FTG surface training courses. Arriving 


entities are directed along this path of the model to the SYOG 
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ASSIGN node when a generated random number between zero and 
1.0 is less than or equal to the percentage assigned to varia- 
ble XX(29). The second routing condition prescribed at the 
EYO ASSIGN node grouping is based on variable XX(30), the 
total percentage of six year obligators participating in 
training for surface duty assignments. Since the FTG (sur- 
face) accessions have previously been processed to the FYOG 
ASSIGN node by the first branch, only the FTM trainees are 
programmed for rating designation at the ASSIGN node labeled 
SYOM. All entities passing through the EYO ASSIGN node and 
not fulfilling the specifications of either of the two initial 
conditional characteristics are defaulted to the third net- 
work branch. These entities are designated as FTG (subsurface) 
accessions (attribute 7 set equal to 3) at the SFTG ASSIGN 
node. This technique of categorizing flow through the network 
1s common throughout our model. 

After designation of service obligation times and 
ratings, the entities in the network are re-united at the 
QUEUE node labeled DEPQ. This stoppage in the system flow 
symbolizes the delayed entry pool currently managed by the 
Navy to align enlistees' entry into the service with avail- 
able RTC and training school openings. Although the model's 
logic gears the commencement of RTC to class capacities, no 
attempts have been made to parallel the Navy's PRIDE program 
in coordinating service entry dates with schools' availability 
and the individual desires of the recruits for starting dates. 


After having reached the DEPQ node, the entities await the 
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opportunity to continue movement symoblic of RTC training. 
However, a delay is imposed in the model with the insertion 
Of a blocking QUEUE (QUEUE 2) that restricts the number of 
Mes in a RTC class to thirty. This class capacity is deter- 
mined by delegating a representative percentage (5%) of the 
total capacities of the Navy's centers in Great Lakes, San 
Diego, and Orlando to the FT ratings. The modeling of the 
system as one RTC, instead of the actual three, reduces the 
computer time and eases the programming requirements without 
degrading the accuracy of the desired outputs. 

The use of another CREATE node, entitled TIM1, pro- 
grams the RTC classes to start once a week. This node initi- 
ates an entity that serves to release the entities stored in 
QUEUE (2) every seven program days. The released items 
travel to an ASSIGN node where they receive an attribute value 
corresponding to the current simulation time and representing 
the start of RTC. From here the entities are routed to the 
RTC QUE COLCT node which determines the waiting time experi- 
enced by each entity prior to the start of RTC and which 
generates a descriptive histogram of this aspect of the sys- 
tem's behavior. In departing the RTC QUE node, entities can 
be directed along one of three paths symbolizing performance 
in RTC training. The first two conditional routes specify 
the length of training incurred by normal, or on-time, gradu- 
ates and by finishers who require repeat schooling (rollbacks). 


The final branch stemming from the RTC QUE node encompasses 
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the individuals dropped from the system because of performance 
deficiencies in RTC training. | 

The two activities simulating on-time and rollback 
graduates of RTC training input into a GOON node for further 
routing. The only difference associated with these paths is 
the length of training distributed to the entities. The 
normal trainees are programmed for forty-seven days of train- 
mag and the rollback students for fifty-four days at RTC. 
The routing GOON node can be conveniently changed to a COLCT 
node for compilation of statistics and histograms for the 
Simulation output. However, the capacity of the SLAM Summary 
Report is limited to twenty-five COLCT nodes and we have 
therefore opted to by-pass this statistical result. Network 
flow beyond this GOON node is divided by an activity condi- 
tion based upon the attribute denoting the entity's career 
rating. FTG (subsurface) entities enter the submarine school 
Pipeline beginning at GOON node SUBB, whereas the surface 


FTG and FTM entities continue to the GOON node BEE. 


mo. Basic Peecesitclty and Ekectronics School (Surface) 


Phase 
In many aspects the structuring of the BE&E School 
(surface) phase duplicates the methodology of the RTC segment 
Of the network. However, Figure 6 shows that this portion is 
made considerably more complex by three source inputs and by 
the inclusion of resource and gate modeling. The addition 
of both fleet personnel and service veterans is intended to 


provide flexibility in experimenting with management options 
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for enhancing the training command productivity. Utilization 
of the resource and gate terminology is necessary for the 
simulation of the self-paced course of instruction at BE&E 
Senool. 

Of the contributing sources to the BE&E phase, the 
RTC input is the most easily programmed. Entity flow from 
the preceeding RTC phase passes through the GOON node BEE and 
across a one-day activity representative of a sailor's travel 
meme, to Basic Electricity and Electronics School. Since BE&E 
and RTC facilities are housed in adjacent locations, this 
estimation of average travel time appears justifiable. The 
system flow is next routed into an ASSIGN node in which the 
arrival time of the entity at BE&E School is inputted as an 
identifying attribute to be used in the calculation of stay 
times. Also at this node, the source of input is coded into 
attribute (4). This designation facilitates the tracking of 
entities and thus substantially improves the analysis of vari- 
ous policy alternatives. Continuing along this network path, 
the entities are directed to the QUEUE node labeled BQUO 
which, in addition to specifying the initial number of partici- 
pants in the schooling system, serves as a joining point for 
the three source inputs of this phase. 

The second input source to the BE&E phase stems from 
fleet sailors qualifying for the FT training program. A 
CREATE node originates the new pipeline participants at a 
Specified rate of entry (1 every 8.3 days in Figure 6). Upon 


creation, these entities begin a thirty-day activity 
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symbolizing the delay incurred while awaiting orders to a 
BE&E School. This figure is a professional estimate of the 
time required for the processing of applications and the 
promulgation of official orders. After this lengthy activity 
the entities, using the SLAM random number generator and 
activity condition procedures, are divided and designated as 
either FTG's, at the FFTG ASSIGN node, or FTM's, at the FFTM 
ASSIGN node. The two groups are then united at the INBE 
QUEUE node which, in combination with the blocking QUEUE (4) 
and the activity release time programmed by the TIM2 CREATE 
node, limit the fleet input to a maximum of two per week. 
Following release from QUEUE (4) the activities cross the two- 
day branch that models a typical travel time from fleet and 
shore-based units to BE&E School. Continuing through a GOON 
node, the fleet inputs are again split and identified as four 
and six year obligators at the REN and EEN ASSIGN nodes. The 
entities are re-united at another ASSIGN node where values 
are given to attributes specifying the arrival time at the 
school and the input source of the participants. From here 
the network routes the items into the joining QUEUE labeled 
BQUO. 

Although service veteran inputs are not normally 
associated with BE&E School training, we have constructed the 
training pipeline model to include this potential population 
pool for accessions. As is shown in Figure 6, while evaluat- 
ing policies that do not consider these additions, this arm 


of the network can be essentially blocked by programming the 
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famction of the CREATE node to occur only far in the future 
(5000 days in the network diagram) and at a slow rate of 
input (1 every 5000 days). Service veterans are assumed to 
be immediately available for entry into the training system 
and thus are not subject to a delay caused by the processing 
of official orders. Additionally, all veterans re-enlisting 
and joining the pipeline are considered to be four year obli- 
gators. With these two exceptions, the flow of service 
veterans into the EQUO QUEUE node parallels that of the fleet 
personnel input source. 

The self-paced, computerized mode of instruction uti- 
lized in the BE&E Schools necessitates a modeling approach 
different from the techniques employed in representing the 
class structure of RTC. Trainees enter the BE&E Schools 
@eeevidually and progress through the course at a pace com- 
mensurate with their own learning skills. This leads to a 
wide range of stay times at the schools while eliminating 
the need to program rollbacks within this segment of training. 
Also, the capacity of the BE&E Schools restricts the number 
of servicemen that can be undergoing instruction at any given 
time. The SLAM programming of these special characteristics 
begins following the interweaving of the three input sources 
at the BQUO QUEUE node. 

Entities flowing through the BQUO node are routed into 
an AWAIT node, designated BQRC, which controls the distribution 
Of BE&E School seats, or openings, through the utilization 


of the SLAM resource BEE QUOTA. If the entity arrives at 
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this node and the school capacity if not maximized, a quota 

is assigned and the participant continues through the system. 
However, when all school seats (360 in our model) are being 
used, the arriving entity is placed in a queue until another 
participant completes the course and a quota is made available. 
Upon receipt of a seat assignment, the entity is directed to 

a second AWAIT node that is controlled by the SLAM GATE labeled 
STRT. Flow through the AWAIT node is permitted only while 

the GATE is in the open position. The GATE closure, modeled 
at the bottom of Figure 6, is timed to occur for a two day 
period every week and thus can be used to represent weekends. 
As a result, the network simulates a pattern in which the BE&E 
School self-paced instruction can be initiated only between 
Mondays and Fridays of each week. From the second AWAIT node, 
the entities travel to the BQUE COLCT node where statistical 
data is compiled on the BE&E School queuing process. 

The distinction between BE&E School graduates and 
drop-outs is modeled bv the two network paths emanating from 
the BQUE COLCT node. Entities identified as graduates, 
through the comparison of a generated random number with SLAM 
variable XX(3), are routed along an activity whose duration 
is specified by a random distribution function having a mean 
of 82 days and a standard deviation of 28 days. These numeri- 
cal inputs represent the performance figures for 1981 of FT's 
in the BE&E School located at Great Lakes Navy Training Center. 
Trainees failing to complete the BE&E phase retain a quota 


assignment for a time period described by the random distribution 
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function about a mean of 30 days and having a standard devia- 
tion of 15 days. The two school performance activities 
terminate at FREE nodes, labeled BEEG and BEED, where the 
processed entities relinguish possession of school seat 
quotas, thereby enabling a participant in the BQRC AWAIT 
node queue, if any, to continue network flow. BE&E School 
drop-outs then depart the training pipeline, while graduates 
advance to a COLCT node for computation of BE&E stay-time 
statistics. The simulated graduates then progress to the A 
School Phase I network structure by passing through the 
linking GOON node designated APHO. 

4. A School Phase I (Surface) 

Network modeling of the A School Phase I training 
process for surface ratings follows the program logic of the 
previous segments. The structuring of the input source 
arms of the system is identical to that of the BE&E phase and 
the flow through the training course representation adheres 
to the concepts of the RTC portion of our model. However, 
requirements for the detailed tracking of Phase I trainees 
Significantly increases the number of alternative network 
paths available to entities passing through the A School 
symbology. This added complexity is imposed to distinguish 
which entities continue into subsequent pipeline training 
and to assign the advancing entities differentiating 
characteristics. 

Figure 7 maps the network orientation of Phase I of 


A School. Attribute (6), introduced in ASSIGN nodes POAG and 
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POBG, separates the on-time graduates and rollback gradu- 
ates, and serves as a basis for the system's branching 
following the COLCT node labeled TIME. The distinction among 
Mraguates is relevant to the timing of system flow in the 
second phase of A School and will be amplified in the dis- 
cussions below. The alternative paths available to the on- 
time graduates, those activities stemming from GOON node POAS, 
are mirrored by the potential process branches encountered 

at GOON node POBS by the rollback graduates. GOON nodes CHOS 
and BCHO symbolize the decision points at which qualifying 
four year obligators may extend their enlistment contracts. 
This option is critical since our model parallels the current 
Navy policy of advancing only six year obligators beyond A 
School Phase I of the pipeline. The training command also 
presently siphons out the lower performing six year obliga- 
tors in Phase I, converts these trainees to four year obli- 
gators, and terminates their schooling upon completion of this 
phase. This management policy is programmed at the QUAL and 
LQUA GOON nodes where an activity condition specified in 
variable XX(31l) is utilized in determining the number of enti- 
ties possessing an attribute value of two that are to be re- 
leased from the network. The decision logic included in the 
program at GOON nodes ORIG and LORI proportions those entities 
inserted into intermediary stations of the network at system 
@eaee-Up into groups of four and six year obligators. Addi- 


tion of the ORIG and LORI node branching aids in the evaluation 
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of alternative policies in which prioritization for entity 
routing creates lengthy stay times in the system. 
5. A School Phase II (Surface) 

A SLAM technique for ranking the order of network 
flow is depicted in Figure 8, the model diagram of Phase II 
of A School training. Once again the modeling of inputs from 
fleet personnel and service veterans adheres to the logic 
employed in the BE&E phase. However, in this segment these 
two arms of the network lead into holding queues QUE 5 and 
QUE 6. Combined with the two queues associated with the gradu- 
ates from Phase I, QUE 1 (on-time graduates) and QUE 2 (roll- 
backs), these nodes collect the system entities awaiting 
assignment to Phase II classes. The SELECT node, labeled 
SEL1, withdraws entities from the four contributing queues in 
accordance with programmed specifications. Thus, by altering 
the SELECT statement characteristics, experiments in policy 
modifications are guickly accomplished. Processing of enti- 
ties departing SELECT node SELI1 initially corresponds to the 
basic sequencing of class-structured courses introduced in 
the RTC model. As in previous phases, following the accumu- 
lation of statistics for the waiting queue, entities flow 
through branches symbolizing course performance. Subsequently, 
the entities progress through two additional COLCT nodes, 
designated APTG and COMB, where data for Phase II and total 
A School stay-times are compiled. Nested between the APTG 


and COMB nodes is a grouping of activities that function to 
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count the number of fleét personnel, service veterans, and 
fpeline source inputs completing Phase II. Finally, five 
M@erecnt of the Phase II graduates are released from the net- 
work following the COMB COLCT node. This out-flow is repre- 
sentative of the reports from Navy school managers of the 
actual trainee losses within the pipeline at this juncture. 
om C School (Surface) Phase 

Figure 9 diagrams our model for the C School (sur- 
face) phase of the FT training pipeline. The structure can 
be viewed as two identically sequenced sub-sections branching 
from the ASSIGN node labeled PHTI, with the upper network 
symbolizing the FTG schools and the lower network depicting 
the FTM training facilities. Because the myriad of possible 
paths through the individual specialization courses of the FT 
C School pipeline introduces enormous programming complexi- 
ties, in our system design we have represented the training as 
a Singular class. Although this approach prevents the analy- 
Sis of the affects created by changes in specific Navy En- 
listed Classification (NEC's) requirements, the degree of 
detail in the model's output is sufficient for our broad 
pipeline evaluation and justifies this simplification. Using 
information provided by FT pipeline managers and the promul- 
gated lengths of the various courses, we have modeled the C 
School duration as a random distribution function having a 
mean of 200 days and a standard deviation of 77 days. For 


entities simulating rollback graduates, an extra two weeks is 
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added to the mean. Class capacities of twenty-five for the 
FTG course and thirty-three for the FTM instruction are based 
meen 1981 data for C School graduates. 

The sequencing of each segment of Figure 9 is similar 
to that of the foregoing phases. SELECT node terminology is 
employed to establish a priority in the acceptance of source 
inputs for the C School classes. The flows through GOON nodes 
ADDS and MORE ensure that those entities within the network 
upon Simulation initialization are categorized as either four 
Or six year obligators. Branching activities emanating from 
GOON nodes COUN and NMBS calculate the entities attributable 
to A School Phase II and C School source inputs, and are 
therefore helpful aids in policy experimentation. The ter- 
Mination nodes labeled RET and TRA symbolize the completion 
of the surface ratings’ training pipelines. 

fe ©§'G Subsurface Pipeline 

Simulated FTG (subsurface) entities are separated 
from the surface ratings in the RTC phase of our model and 
are routed through a series of modeled subsurface schools. 
Figures 10 through 13 present the flow pattern of participants 
in the four phases of this pipeline component. The network 
sequences an abbreviated BE&E course, a Submarine School, 
the single-phased A School, and the specialized C School. 

As in the surface ratings' pipelines, the class capacities 
and frequency of scheduled courses are derived from 1981 


training command statistics. Again the difficulties in 
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constructing the C School phase model are alleviated by 
meando lizing the various course combinations leading to NEC 
assignments as a solitary class with a random distribution 
function describing the length of the training. 

The program logic of most segments of the FTG(SS) 
pipeline duplicates the concepts utilized in modeling the 
surface community schools. Because the continuity of system 
flow is not interrupted by activity groupings which distin- 
guish between FTG and FTM entities Figures 10, 12, and 13 are 
somewhat less complicated than the surface pipeline counter- 
parts. However, with this one exception, the pipeline models 
are identical for the BE&E phases (Figures 6 and 10). Simi- 
larly, the subsurface A School structure (Figure 12) follows 
the flow in the Phase II portion of A School training for 
both the surface FTG's and the FTM's. Furthermore, the pro- 
gramming of subsurface C School (Figure 13) combines the 
surface pipeline modeling logic for the four source inputs to 
A School Phase II with the fundamental sequencing of surface 
Sesochool nodes. 

The sole unique feature of the FTG(SS) pipeline is the 
insertion of a Submarine School phase between the BE&E and 
A School components. This training is managed in a locked- 
step format and therefore conforms to the modeling techniques 
for class-structured progression first employed in the RTC 
phase of our program. The network branching at GOON node GRSG 
categorizes the simulated graduates by input source and is 


used to supplement policy analysis. Prior to departing this 
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phase, the entities are again separated at GOON node ALL so 
that on-time and rollback graduates' advancement through the 
A School segment can be prioritized. The SLAM terminology 
for the service veteran and fleet personnei input arms of 
this phase also replicates the examples of previous network 
discussions. 
ee summary Of Training Pipeline 

The addition of Submarine School to the normal cycle 
of RTC, BE&E, A School, and C School components completes the 
subsurface training requirements. Joining this sequence of 
courses with the surface FTG and FTM network paths defines 
the fire control technician schooling process aimed at 
preparing today's sailors for the demands imposed by the tech- 
nology of modern weapon systems. When viewed in aggregate, 
Figures 5 through 13 depict our SLAM model of this total FT 


training pipeline. 
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ive OLSCUSSIONVOr” RESULTS 


A. INTRODUCTION 

Experimentation with the SLAM representation of the fire 
control technician training pipeline presented in Chapter 
III enables us to assess the impact of Navy policy actions 
upon service schools' performance capabilities. Simulations 
of this training process lead to the development of preferred 
methods for accessing technicians and to refinements in the 
management of manpower assets for the years ahead. In creat- 
ing the basic policy alternatives used in our computer model 
evaluations, we have imposed several assumptions concerning 
the operations of the FT training schools through the 1980's. 
Our program is capable of investigating changes in the physi- 
cal size of training facilities; but, since plans for future 
shore-based construction and for increases in instructor 
assignments are undeveloped, we have narrowed our study to 
only those policies modifying procedures within the existing 
schools structure. We have also viewed currently employed 
instructional techniques and technologies to be constant 
throughout the nine years of our project. Finally, we have 
assumed that improvements to today's weapon systems and 
maintenance programs will not require added training time. 

Bounded by these criteria, we have tested various Navy- 
wide and training command management options, and, by inte- 


grating the most beneficial alternatives, constructed a 


dey. 





feasible solution to the FT training pipeline's problems 
generated by an increasing fleet size. Although we do not 
have rating~specific data, Navy officials estimate that, on 
a typical day, approximately 5000 servicemen are temporarily 
assigned duties while awaiting commencement of training classes. 
This uncomplimentary statistic, coupled with rapid advances 

in manpower costs, highlights the impact of training upon 

the Navy's fiscal budget and has served to focus our analysis 
upon the implications of training requirements on system queue 
times and on the overall time necessary to process a trainee 
through the pipeline. The supply and demand forecasts set 
forth in Chapter II have provided us two approaches for 
viewing these pipelines characteristics and for evaluating 
proposed policies using a SLAM simulation model. Table 21 
summarizes the accessions into the training pipeline used 

for these two approaches by describing the manpower inputs 

for the supply-driven or baseline case and our proposed 
alternative input scenario designed to meet the projected 
demand for FT's in the 1980's. The impact of each manning 
posture on the training command is detailed in the follow- 

ing discussions. A sample output from the SLAM Summary 
Report, which supplied the statistics for our analysis, is 
presented in Appendix B. The output provides the data for 


an entire simulated year of training pipeline operation. 


Pee SUPPLY-DRIVEN RESULTS (BASELINE) 
We will first consider the performance behavior of the 


FT training pipeline in a scenario based upon the Rand Model 
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PABEE 21. 


Annual Manpower Accessions 


Baseline Case Alternative Inputs 
Pipeline 
emcry E-1/3 = Ss Fleet Service 
Point EnAPUES Petes. LIcCucsu. vererans 
RTC os a -- -- 
BESE (Sfc) -- = 44 -- 
Pescn Ph IT = = -- G7 
PEG C Sch -- -- 7 20 
fem C Sch -- -- 7 20 
BE&E (SS) a ao TS -- 
FTG (SS) A Sch oo -- -- 5 
FTG (SS) C Sch -- , ~- 2 -- 


* Rand Model yearly forecasts, partitioned by 
calendar quarters. 


*x Rand Model yearly forecasts augmented by 250 in years 
1987-1990, partitioned by calendar quarters. 


Source: Authors 
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Meoyections for accessions through 1990 and upon the 1983 
transition matrices determined in Chapter II. In developing 
this hypothetical environment, we have pictured the nation's 
economic conditions in the upcoming years as extensions of 
current trends and have forecasted the economy in accordance 
with the figures for youth unemployment promulgated by the 
Bureau of Labor Statistics. We have also abstained from 
altering Navy recruiting policies or resources beyond the 
Minor growth in the population of production recruiters pre- 
sented in our earlier discussions of the Rand Model. The 
resulting annual inputs to the FT training pipeline, consist- 
ing of non-prior service recruits, parallels the decline in 
the nation-wide pool of eligible 17 to 21 year-old males ex- 
pected throughout the 1980's. This supply-driven viewpoint 
establishes a baseline condition from which to compare sub- 
sequent performance descriptions derived from varying system 
models. 

As previously indicated in Table 13, the Rand Model fore- 
casts of mental categories I, II, and IIIA accessions dis- 
tributed to the FT ratings are maximized for our study in 
1982. During the next eight years these anticipated annual 
accessions fall thirty percent from the initial estimate of 
1530 recruits. This substantial decline suggests that, if 
the training command is adequately equipped to receive the 
Student inputs in the first year and can thus avoid early 
disruptions from system backloads, the most significant time 


delays caused by facility overloading will be realized in the 
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beginning period. The results for the various pre-school 
queue times encountered throughout the pipeline during our 
baseline simulation, as shown in Table 22, generally support 
this assessment of the training system. 

The pipeline delays incurred in the baseline scenario, as 
depicted in Table 22, are not excessive and therefore are 
regarded as manageable, particularly in the surface school 
segments. Although the 1982 Delayed Entry Pool (DEP) mean 
length of 39.1 days appears relatively large, this figure is 
well within the present program's guidelines that allow re- 
cruits to postpone service entry as long as one year. More- 
Over, Since recruits do not earn military pay during the DEP 
period, some degree of freedom in the pre-service queue is 
beneficial to the manpower managers' scheduling of optimum 
pipeline commencement dates. The surface-designated FTG's 
and FTM's progress through the training cycle without appre- 
Ciable blockages until reaching the C School phase. At this 
point, on the average a 17-18 day wait arises because the A 
School completion and C School commencement dates are not 
synchronized. Fortunately, the C School queue is positioned 
approximately one year into the training sequence and thus 
provides pipeline managers the opportunity to circumvent un- 
productive man-days by granting accumulated leave time to the 
trainees. Furthermore, the maximum expected C School queue 
lengths of 35 days are closely aligned to the yearly 30 day 


leave authorizations earned by servicemen. 
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Although the subsurface pipeline delays for the supply- 
driven results are also deemed manageable, the wait times are 
more pronounced than the surface school characteristics, and 
therefore necessitate enhanced supervision. The increases 
from 1982 to 1986 in the mean and maximum values of the Sub- 
marine School queue times imply that the blockage is a function 
of both the scheduling of the school's start dates and the 
school's classroom capacity. Apparently, the student loading 
during the early years of the study creates a temporary back- 
log of trainees éwaiting class assignments. Figure 14, the 
1986 histogram of the queue times encountered prior to the 
commencement of Submarine School, illustrates this backlog 
by showing that nine percent of the subsurface trainees experi- 
ence delays greater than 30 days even though the school is 
scheduled to begin every 28 days in our program. However, the 
stabilization of these Submarine School queue figures by the 
year 1990 indicates that the subsurface training facility 
recovers from this initial capacity constraint and is ade- 
quately equipped for the reduced demands of the later years 
of our project. The mean values for each of the queues asso- 
Clated with Submarine, FTG(SS) A and FTG(SS) C Schools are 
considerably less than the programmed intervals of 28 days 
between class commencements, but the total of these times 
Surpasses the 30 day leave annual authorizations and requires 
managerial attention. Closer alignment than our program's 
depiction of school start and completion dates can minimize 


these projected delays, especially when the model is amplified 
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to include the commencement dates for all of the numerous 
C Schools actually offered. 

By combining the anticipated queue times with the pro- 
grammed course durations, the expected stay times at particu- 
lar service schools are determined. Table 23 presents 
these predicted mean values for the three emphasized years of 
our study. The time statistics are derived by tracking simu- 
lated trainees through the pipeline representation and there- 
fore reflect the inputted rollback and probability distribution 
of course lengths features incorporated in our model. The 
consistency of the figures throughout the nine years indicates 
that, with adherence to sound management principles and to 
the scheduling requirements discussed above, the processing 
of the majority of trainees through the pipeline is routinely 
accomplished in the baseline scenario. However, Table 23 also 
displays the maximum course durations experienced by students 
during our simulations and suggests that some individuals 
encounter lengthy stay times either because of academic diffi- 
culties or because of the SLAM program's specifications for 
selecting individuals for classes from among the trainees 
Waiting in the school graduate, fleet personnel, and service 
veteran queues. Careful pipeline management, employing fre- 
quent monitoring of trainee progress in the system and case- 
by-case adjustments to class selection standards, will avoid 
these excessive stay times and will thus minimize expensive 


mMan-day losses and the underutilization of school capacities. 
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The expected overall time required for an enlistee to 
pass through the entire baseline scenario's FT training 
pipeline is displayed in Table 24. As in the determination 
of school stay times, the figures are obtained by recording 
the advancement times of each simulated trainee through the 
system to the completion of the C School phase. The statis- 
tics for surface-designated FTG and FTM four year obligators 
represent only the small number of fleet inputs into C School, 
Sance all other four year obligators depart the training 
Sapeline at the conclusion of A School Phase I. Similarly, 
because the subsurface schools do not currently accept four 
year obligators, the FTG(SS) results are limited to six-year 
Gbligators. The figures of Table 24 depict typical six year 
@eeagator training cycle durations of approximately 19 months 
for surface-designated technicians and 17 months for subsur- 
mee FT'’s. Figures 15, 16, and 17 graph the distributions of 
these expected pipeline durations for the six year enlistees. 
Again, the predicted maximum values for stay times (reaching 
a high of 29 months for FTM's) indicate that excessive proc- 
esSing times arise when students experience academic problems 
or class selection standards are rigidly enforced. Manpower 
Managers must be alert to these isolated cases and ready to 
intervene with corrective scheduling. 

From a training manager's perspective, our results in the 
baseline scenario simulation are encouraging. Substantial 


interruptions in the schooling process can be successfully 
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avoided and, since school queue times are relatively constant 
throughout the nine years, the school capacities are apparently 
capable of handling the forecasted student loading. However, 
as previously demonstrated in Tables 15 and 16, manpower 

supply projections developed from the 1983 POM transition 
matrices and the annual accession figures for FT's fail to 
fulfill the billet requirements demanded by an expanding fleet. 
This shortfall will force the Navy either to intensify re- 
Smurting efforts in the 17 to 21 year-old population, e.g., 
enlist more lower mental group personnel, or to tap alternate 
manpower pools for the acquisition of the necessary numbers 

of technicians. Consequently, the supply-driven simulation 
results cannot be viewed as definitive statements of the 
training command's future performance capabilities. Instead, 
the baseline scenario forecasts become measuring blocks for 
evaluating policy decisions designed to support the projected 


Navy-wide growth. 


C. DEMAND-DRIVEN RESULTS (ALTERNATIVE INPUTS) 

A realistic and meaningful assessment of the Navy training 
command's potential to function efficiently throughout the 
1980's must examine student loads that reflect the increasing 
demands for technicians in the envisioned 600-plus ship fleet. 
The inability of our supply-driven projections to meet this 
demand underscores the critical need to modify the Service's 
current recruiting and personnel policies. From a manpower 


procurement standpoint, the many additional sources that can 
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be identified for accessing FT's, including college students, 
the 22 to 30 year-old male civilian labor force, and possibly 
more women, indicate that attainment of the necessary numbers 
is feasible. With this assumption, the problem of end strength 
build-up centers around the augmentation and allocation of 
recruiting budgets and the alignment of training capabilities 
to fleet requirements. While seeking a solution to the FT 
manning dilemma, we have not constrained our policy decisions 
with considerations of the relative recruiting expenses of 
these various populations. Instead, we have assumed that the 
available source pools are sufficiently large to supply the 
required added inputs, and that recruitment within these sec- 
tors is cost-effective. These simplifications enable us to 
concentrate our analysis upon the affects of program adjust- 
ments on the performance of the training pipeline. In this 
manner, we have constructed a method for increasing the output 
of FT's while remaining within the limitations of the Navy's 
present training resources. 

Our study is directed toward the evaluation of a training 
Pipeline that will both overcome present manning deficits 
and respond to projected growth through the next nine years. 
In proposing policy options for augmented accessions to this 
pipeline, we are handicapped by the time-in-rate requirements 
imposed for promotions to the upper enlisted ranks. Many of 
the senior billets in which shortfalls currently exist and 


the projected higher positions that will not be filled under 
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the 1983 POM transition matrix progressions cannot be reached 
peror to 1990 by recruits entering RTC today. Thus, in addi- 
tion to causing exorbitant backloads within the training 
schools, the excessive front-loading of the pipeline with 
increased E-l manning will not solve our personnel problems. 
However, Tables 15 and 16, the compilations of our supply 
and demand projections based on the 1983 POM retention goals, 
also display manpower needs in the E-1/3 through E-5 paygrades 
in the year 1990. These lower rates are attainable early in 
sailors" career patterns and therefore shortages can be 
readily eliminated by accessing increased numbers directly 
into the beginning stages of the training pipeline. In 
developing our alternative manning proposal shown in Table 2l, 
we have waited until 1987 before introducing a 250 man E-1/3 
augmentation to the Rand Model projections, an augmentation 
intended to satisfy the expanding requirements for technicians. 
Because of the decline in the eligible population of 17 to 
21 year-olds, this addition will not raise the yearly acces- 
Sions to the high level of inputs reached in 1982, and thus 
will not over-tax the class capacities in the introductory 
schools of the training command. At the same time, the en- 
hanced outputs from the service schools will fill the expected 
gaps in the junior billet assignments during the final years 
of our projection. These extra recruits can surface either 
from the tapping of alternate source pools, the relaxation of 
mental category standards, or intensified recruiting in the 


male youth cohort. 
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The projected senior billet shortfalls of our study 
necessitate policy modifications that input additional 
accessions at intermediary stages in the training pipeline. 
Enlisted personnel managers are currently filling some of 
these deficits by accepting qualified, top performing sailors 
from surface and shore commands as direct inputs into advanced 
schools of the training process. However, this supply of 
manpower is limited by the low percentage of servicemen who 
exit RTC possessing the necessary academic potential to per- 
form as fire control technicians and who do not immediately 
enter another rating's pipeline. Therefore, in our alterna- 
tive input scenario, we have patterned the yearly additions 
of fleet personnel into the cycle after the recorded 1981 
inputs, in which only 44 sailors were introduced in the BE&E 
(surface) phase, 15 experienced enlistees entered the subsur- 
face pipeline at the BE&E School, and fleet inputs into the 
surface C Schools averaged about one every two classes. 

Although the specification for inputting accessions mid- 
stream in the training sequence lessens the number of eligi- 
ble civilian source pools from which to choose, several 
groupings, such as college students capable of validating the 
theoretical courses, civilian laborers already possessing 
electronics skills, or high quality ex-servicemen, have been 
viewed as acceptable augmentations to our proposed accession 
Mix. Despite the potential of each of these population sec- 


tors, we have opted to limit our policy changes to billet 
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openings for service veterans. The selection of this prior- 
service pool as the target for future recruitment is based 
on the following favorable factors: 

l. Entry of service veterans, in effect, enables the 
Navy to capitalize on previously conducted training. 

2. Veterans are knowledgeable of, and accustomed to, the 
Military lifestyle and service discipline, and are 
therefore unlikely to leave for these reasons. 

3. Recent trends in recruiting statistics indicate that 
service veterans, influenced by the current economic 
recession, are returning to the Navy in increased 
numbers. 

Because projections derived from the envisioned ship-mix and 
manning requirements of Tables 4 and 5 indicate an increase 

of only 86 billets in the subsurface community, we have con- 
centrated our additional service veteran inputs in the surface 
pipeline schools. The specifics of our manning proposals 

are delineated in Table 21. 

Comparison of the results from a SLAM program simulation 
of the FT training pipeline, modified to conform to our 
alternative input scenario, with the performance statistics 
of the baseline case enables us to identify possible problem 
areas attributable to the suggested accession policy and to 
judge the manageability of the affects projected from our 
manning proposal. Although the alternative input simulation 
introduces an additional 998 trainees into the DEP, inputs 


2583 service veterans into intermediary stages of the 
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pipeline, and processes 2522 more technicians through the C 
Schools during the nine years of the study, the pre-school 
queue times, presented in Table 25, are remarkably similar 

to the forecasts in Table 22 for the supply-driven case. 

For a majority of the queues, the mean values for all corres- 
ponding pipeline delays in the two scenarios match within two 
days. 

Table 25 illustrates that, as a result of the increased 
demand for FTG and FTM students generated in the alternative 
input case by growth in fire control technician billets fom 
1982 to 1990, the surface pipeline C Schools, Submarine School, 
and FTG(SS) A School all apparently approach capacity limi- 
tations and the queue time means for these schools are 
lengthened approximately three to six days over the baseline 
figures for the emphasized years. These minor additions to 
the queue times are most prevalent in the early years of our 
projection. Since the total increase in queue times in any 
one of the specific pipelines is less than 12 days, these 
school queue mean extensions are not considered serious when 
viewed in the context of an 18 month training process. Further- 
more, in the total pipelines for the surface FTG's and FTM's, 
the school queue means are still comfortably below the allotted 
30 days annual leave period of each trainee, and thus manpower 
productivity losses can be avoided by granting personnel 
leave to students prior to the commencement of C School. As 
in the baseline case, the subsurface pipeline queue times ex- 


tend beyond the yearly authorizations and require monitoring by 
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Manpower managers. However, the small time additions created 
by the sizeable accession increases indicate that the juggling 
of school start dates and the modeling of all C Schools will 
Overcome excessive pipeline delays. The SLAM Summary Report 
histograms further alleviate apprehensions concerning the 
demand placed upon the Service schools by showing that small 
percentages of trainees can be expected to wait in excess of 
one month for class assignments. Figure 18, the histogram 
for the 1986 FTM C School queue under the alternative input 
scenario, is a typical histogram depicting about one-seventh 
of the students being delayed more than thirty days. 

The maximum queue durations experienced inour alternative 
input case, presented in Table 25, generally parallel the 
previous forecasts of the baseline simulation. The close 
Similarity between the two scenarios suggests that the delay 
determinations for the proposed manning policy are dominated 
by the model's programmed start dates and method for forming 
classes from the students waiting in the school pipeline, 
fleet input, and service veteran queues. In most cases, the 
delays are notthe result of system overloads. Only the FIM C, 
Submarine, and FTG(SS) C Schools display lengthenings of 
maximum queue times beyond one week when the proposed acces- 
sions mix is coupled with the baseline personnel inputs. 
Although these increases are somewhat disturbing, the SLAM 
program summaries predict that, except for the FTG(SS) C 
School, less than six percent of the trainees incur delays 


within five days of these maximums. For the subsurface C 
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School, over eighty-six percent of the students are processed 
through the queue in less than 30 days. Therefore, it seems 
reasonable to assume that pipeline managers can eliminate 
prolonged waits for these schools through the occasional 
manipulation of selection priorities and procedures. 
Considering the similar results for anticipated queue 
times in our two scenarios, and recognizing that the modeling 
techniques in the SLAM program will produce mathematically 
consistent estimates of course durations, it is not surprising 
that the alternative input simulation's approximations for 
school stay times, shown in Table 26, correlate with the base- 
line figures in Table 23. The most significant difference 
in the two tables occurs in the surface A School segments of 
the pipeline, where a two to three week reduction is noted in 
the demand-driven mean value statistics. Unfortunately, this 
lowering of the means does not represent improved processing 
speeds, but rather reflects the introduction of 167 students 
each year directly into Phase II of A School. However, it 
is important that the substantial gain in the number of trained 
technicians does not impart a system overload and cause 
subsequent major delays in the pipeline. 
Comparison of TAbles 23 and 26 highlights the potential 
of our suggested manning policy to function within the pre- 
sent capabilities of the Navy's training command. The time 
a FTG (surface) student can expect to remain at C School is 
lessened by about a week in the accession-mix scenario. This 


improvement appears to stem from the frequency of class start 
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dates in our model, and the programmed distribution of the 
20 service veterans added annually to this school's enrollment. 
This also results in an eleven day reduction in the 1982 stay 
time statistics for the FTM C School, which similarly accesses 
20 veterans yearly under the demand-driven pipeline conditions. 
However, the improvement in FTM student processing is lost 
during the middle years of our study and the training time 
requirements for these technicians in the later years parallel 
the baseline estimates. This variation in the FTM stay time 
figures substantiates the earlier assessment that the C School 
is approaching capacity constraints under our increased 
accession proposal. Summations of the subsurface course dura- 
tions in Tables 23 and 26, performed as a means of appraising 
the impact created by augmented accessions into the FTG(SS) 
pipeline, indicate that the theorized manning policy will 
have little effect upon the submarine training facilities. 
The few differences in maximum school stay times experienced 
during simulations of the two scenarios further support the 
compatibility of our envisioned accession programs with 
Service school resources. Thus, efficient management of the 
enhanced student loading in the individual schools certainly 
appears to be a realistic and attainable goal. 

The expected time-in-system characteristics of the 
alternative input scenario are presented in Table 27. As in 
the baseline case previously depicted in Table 24, these 


statistics are compiled by tracing each student through the 
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training cycle and then grouping according to first-term 
service contract obligations. Since Table 27 is limited to 
data for C School graduates, the surface-designated four year 
obligator figures include only those fleet personnel and 
service veterans inputted at either the beginning of A 

School Phase II or the start of C School and progressing 
through the training command. Viewing the results for 1982 
in Tables 24 and 27, a pronounced reduction is noted in the 
time-in-system projections for the two four year obligator 
categories of the alternative input case. These declines 
reflect the increase of 27 students in the C School four year 
obligator accessions (fleet personnel and veterans) during the 
initial simulation year and the selection criteria of our 
model which gives class assignment priorities to the inter- 
mediary inputs. In contrast to the first year statistics, 
the 1986 and 1990 system time estimates under the proposed 
manning environment are significantly greater than the base- 
line scenario. This reversal in the comparison of the two 
cases develops when the service veteran trainees, originally 
introduced into the alternative input scenario at Phase II of 
A School, conclude C School training. The Phase II veteran 
accessions, which are unique to this proposed accession-mix 
Simulation, extend the amount of pipeline training conducted 
and thus the required time in the system. Because the large 
number of Phase II accessions overshadows the 20 annual veteran 


inputs to the C Schools, the 1990 mean value statistics in 


LSS 





the demand-driven case essentially summarize the length of 
time necessary to complete both A School Phase II and C 
School. However, the matching baseline figures encompass 
meeby the C School duration. 

The system times projected in Table 27 for six year 
obligators in a pipeline manned to produce adequate numbers 
of technicians for the 600-plus ship fleet do not indicate 
future overcrowding problems within the Service schools. 

The forecasted mean values for the FTG and FTM six year 
obligators are less than the corresponding baseline scenario 
figures previously judged as reasonable estimates of school- 
ing durations. These improvements are apparently attributable 
to the quickened pace of C School processing. The FTG(SS) 
statistics differ from the baseline figures by a maximum of 

17 days and thus represent a minimum of added managerial 

meer iculties. 

Although some elements of Table 27 indicate greater maxi- 
mum system stay times than the baseline results of Table 24, 
the SLAM Report summaries show that these extensions are 
infrequent occurrences arising from the increased manning 
demands, Figures 19, 20, and 21 graphically present the 
breakdown of time-in-system statistics for the FTG, FT, 
and FTG(SS) C School graduates committed to six year contracts, 
and thus supplement the purely mathematical definition pro- 
vided by the mean and maximum values. The 1986 system time 
behavior of FTG six year obligators serves as an example of 


the utilization of these three figures. Whereas the Table 27 
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description of this 1986 characteristic is limited to the 
reporting of a mean value of 547.9 days and a maximum duration 
ee S55.9 days, Figure 19 illustrates that 50 percent of the 
trainees are processed within 550 days and 90 percent inside 
Gf 660 days. The rapid drop-off in the tails of the three 
curves pictured in each of the figures demonstrates the 
lsolation of the lengthy stay times to small numbers of 
trainees and suggests that individual scheduling for these 


students can avoid unusual program delays. 


D. SUMMARY 

The above discussions detail the significant results from 
our SLAM program evaluations of the training pipeline operat- 
ing in a demand-driven environment. Comparison of the pipe- 
line characteristics of this scenario against the patterns 
of a baseline case have repeatedly demonstrated similarities 
between the two simulations. The pre-school delays of the 
training cycle sequence and the school stay times associated 
with our alternative input scenario approximately duplicate 
those of the supply-driven projections. Additionally, review 
of the forecasted time-in-system statistics illustrated in 
Figures 15, 16, 17, 19, 20, and 21 amplifies the resemblance 
between the results of the two simulations. If the output of 
technicians from the alternative input simulation can be shown 
to fulfill the projected shortfalls in the 1990 FT end strengths, 
then the commonality in our pipelines' performance behavior 


will attest to the present-day training command's potential 
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to adapt to the increasing demands for FTG's and FTM's in an 
expanding fleet. 

The difference in the number of school graduates recorded 
in the SLAM Summary Reports of our two simulations defines 
the expected increase in technicians resulting from the pro- 
posed accession policy. Table 28 groups, by rate, the yearly 
growth in FTG and FT outputs of the training command created 
by the enhanced manning accessions of the alternative input 
scenario. In determining these groupings, we have assumed 
that, of the fleet personnel and service veteran additions, 
those trainees completing the lengthy pipeline process emerge 
as E-6 graduates of the C Schools, and those sailors dropping 
out of the surface schools sequence after Phae I of A School 
are rated as E-4's. Of the added 250 E-1l accessions intro- 
duced annually in years 1987 through 1990, those students 
processed through C Schools during our simulation are con- 
Sidered to be E-4's, whereas the servicemen returning to the 
fleet after Phase I of A School are viewed as E-3 inputs. 
Because the Navy designates trainees as FT's either upon 
completion of Phase I of A School or upon graudation from 
FTG(SS) A School, the few students (99 in the nine simulated 
years) attributable to the extra accessions in the proposed 
policy who attrite from the most advanced schools of the pipe- 
line are counted as E-4 additions to the FT communities. 
Table 28 does not include possible inputs from the large 
number of drop-outs from the RTC, BE&E Schools, Submarine 


School, and A School Phase I segments of the pipelines and 
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TABLE 28 


Increased Number of Technicians from Alternative Inputs 


YEAR 


uo 2 
99 3 
1984 
1985 
1986 
oS / 
938 
1989 


1990 


ELC 


43 
101 
107 
135 
2 
124 
Jha 
130 


134 


GAINS OVER BASELINE NUMBERS 


Eo 
ETM 


50 
J 4.45(0) 
130 
138 
132 
126 
ZS 
130 
IL als: 


Source: 


60 


US 


41 


69 


Authors 


162 


E-4 
Ses 


Zo 
SIE 
72 


107 


23 


ii 


44 


24 
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therefore probably underestimates the added number of tech- 
nicians to be expected from the suggested manning policy. 

Summation of the increased numbers of technicians shown 
in Table 28 and the annual projections for the enlistment 
of fire control technicians, derived from the Rand Model's 
estimates of 17 to 21 year-old male, NPS, mental category 
I, II, and IIIA personnel, produces the total yearly accessions 
forecasted under our alternative input scenario. When these 
enhanced accession numbers, along with the 1983 POM projec- 
tion transition matrices and the 1981 FT end strengths, are 
entered into the basic manpower transition model described 
in Equation 9, the anticipated manning levels for the fire 
control technicians through the 1980's can be be calculated. 
Table 29 compares the resulting predictions for the supply 
Seer’ s in phe. yee i982, 1986, and 1990 to the previously 
determined demand figures. 

The supply forecasts depicted in Table 29 indicate that 
the FT billets required by a 600-plus ship fleet can be 
filled by 1990 under our proposed accession policy. [In fact, 
sufficient numbers of FT's are produced by 1986 to equal the 
total manning requirements. However, the breakdown of the 
1986 projected end strengths into junior and senior rate 
groupings (E-1l through E-5 and E-6 through E-9) displays a 
concentration of the manning totals for the mid-year of our 
study in the lower rated billets. Despite the substantial 


Mm@ouc Of E-6"s by 1986 (1078 FT's) directly into the manpower 
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model, the senior billets remain unfulfilled. But by 1990, 
enough of the additional accessions in our alternative input 
scenario have progressed through the FT promotion system so 
that both the junior and senior groupings are fully manned. 
Although the nine year period of our simulation is too short 
to enable the transition model to develop adequate numbers 

of E-8 and E-9 personnel, the surplus of E-7's produced in 

the simulation overcomes the deficits in the two senior pay- 
Grades. This substitution of CPO's for the E-8/E-9 billet 
demands seems to be a realistic solution to the manpower 
problem created by the large-scale undermanning of these 

rates in today's fleet. Other than the E-8 and E-9 paygrades, 
the projected 1990 manning levels for each rate are considered 
satisfactory. The minor shortfalls in the E-1/3 and E-5 

rates can be filled with the excess E-4's, and probably 

would be eliminated if a percentage of the school drop-outs 
from the training pipeline were also inputted into the man- 
power calculations. 

Our proposed manning policy is a simplified accession-m1ix 
that will enable manpower planners to fill the multiplying 
billet requirements of the future without saturating the 
Service schools' capabilities. Experimentation with a 
Simulation model of the current FT training pipeline has 
demonstrated that, if recruiting sources can be targeted and 
utilized, the output of FT's from the Navy's training command 
can overcome existing manning deficits and satisfy the 


forecasted growth in the FTG and FTM manpower authorizations. 
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We recognize that alternative manning postures more responsive 
to the complex input variables may be developed to satisfy 
these goals. Our suggested solution is intended to serve as 
an example for the application of SLAM simulation techniques 


to the evaluation of these important policy decisions. 


166 





V. CONCLUSIONS AND RECOMMENDATIONS 


A. INTRODUCTION 

As the size of the fleet expands in the foreseeable 
future, the overall effects on the FT training pipeline can 
be projected. The simulation results, do indeed, quanti- 
tatively demonstrate the impacts the growth of the Navy will 
have on the training of FT's. Whether the individual enters 
the Navy by direct means as a recruit and progresses through 
the total training syllabus, or enters as a lateral entry 
candidate in a pre-selected school, each person will create 
a certain identifiable effect on the particular pipeline. 
The ramifications such trainees will cause in the training 
pipeline can be estimated using a simulation model. SLAM has 
allowed us to measure, analyze, and even forecast which varia- 
bles will fluctuate, given alternative personnel accession 
options, within the FT training pipeline. This method of 
forecasting personnel increases in the training command 
structure is a beneficial tool for program managers. 

Nevertheless, the supply-demand picture must not be over- 
looked. Chapter II gave graphic evidence, based upon our 
predictions, that there will be significant shortages in the 
FT ratings in the years through 1990. If the retention rates 
improve dramatically, obviously, the effects of this envisioned 
growth will not be as critical. Conversely, if there is a 


reversal in the retention trends and a migration or exodus 
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from these particular ratings occurs, then the ensuing 
requirements within the training command to replenish the 
decreasing stocks in personnel will be quite noticeable. 
As Chapter IV vividly illustrated, there is a method to 
assimilate increased numbers of personnel to reduce current 
shortfalls and man the expanded fleet. This can be success- 
fully accomplished without having deleterious effects on the 
performance of the training pipeline. By using the Manpower 
Transition Matrix Model to obtain required numbers of per- 
sonnel in meeting these future requirements, and then incor- 
porating the projected forecasts into the SLAM program, we 
can estimate what will happen to the training command in the 
years ahead. Then, an optimum accession policy can be 
determined. 

Establishment of a baseline case is critical when 
modeling any system. We have applied the 1981 statistics 
for the distribution of Navy-wide accessions into the FT 
ratings to the Rand Model's forecasted enlistments of mental 
category I, II, and IIIA personnel through the 1980's to form 
a supply-driven model from which to compare demand-driven 
policy options. Using this supply-driven model as our baseline 
case, we have derived an alternative that will do two things: 
1) solve the existing problem of shortages in the more senior 
enlisted rates for the FT's, and 2) man the fleet in the future 
as it grows to the 600-plus ship level. The alternative we 


have chosen may not be the ultimate solution to the manpower 
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deficiencies projected, but it appears to be a solution that 
will work. 

In the years ahead, we will probably see many changes in 
requirements for FT's. These possible variations emphasize 
the imporatnce of having a good model with which to work and 
a Simulation language, such as SLAM, in which changes can be 
made easily. Having the flexibility to extend course length, 
increase class size, expand school capacity, decrease or in- 
crease the number of instructors, and change the mode of 
training to allow expansion or contraction in the training 
cycle are but a few features of a SLAM model. Experimentation 
without large outlays of capital expenditures or making physi- 
cal changes to the present schooling structure is paramount 
and can be conducted with the SLAM program. Additionally, 
varying degrees of cost-benefit analysis are possible by this 
Simulation process. A basic knowledge of instructor, student, 
and school material costs is all that is necessary to accom- 
plish quick computations to see what effect changes to the 
training pipeline will bring. The advantages are many, with 
the shortfalls few. However, caution is advised, for any 
proposed change to an existing organizational system will 
bring about unforeseen responses within that organization. 
Although simulation modeling is an excellent tool to develop 
new and experimental ideas, it must also be used with discretion. 

In conjunction with the modeling process, it is possible 


for pipeline managers to identify the bottlenecks that may 
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develop in the training cycle as a result of increased stu- 
dent loading or a decrease in instructor availability. For 
example, assume a newly developed, highly sophisticated 
missile system is introduced into the fleet. Apparently, an 
increase in the number of FTM's required will be the result. 
If the pipeline manager has access to the SLAM program, he 
can introduce this requirement into the program and examine 
what the total effect will be on the FT pipeline, as well as 
on the specific FTM schools. A manager will find it highly 
desirable to have such a system available for use. In addi- 
tion, it is quite feasible for the Navy to utilize the SLAM 
program to evaluate accession policies that may occur as a 
result of fluctuating retention rates or the introduction of 
new hardware. This ability to look at alternative means to 
access individuals, whether through direct or lateral entry, 
and then examine the impacts that occur is very valuable. 

It is therefore our recommendation that a language such 
as SLAM be available for use by the pipeline managers. 
Besides being a benefit as an analytical tool, the simulation 
program can be used to evaluate various proposals offered 
the manager by subordinates, peers, and superiors. Without 
having to implement a proposal, even in an experimental fashion 
for evaluation, policy decisions can be made with minimum 
expenditures of time and money. These savings are substantial 
and can pay for the installation of a system capable of this 


modeling process. The computers are available in almost every 
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area of the Navy to handle the programs suggested. Once in- 
stalled, the learning process and operation of the program 


are rather straightforward. 


B. RECOMMENDED SUPPLY ACTIONS 
In the particular cases of the FTG's and FTM's, we have 

proposed a specific set of actions for filling the billets 
required by a 600-plus ship Navy. To alleviate existing 
manpower deficits in the senior technician billets and to 
aid in filling the increasing demands for FT's in the 1980's, 
we recommend that the Navy augment the current yearly input 
of 75 fleet personnel into intermediary pipeline schools by 
intensifying the recruiting efforts focused on the population 
of service veterans. These prior service accessions can be 
added annually into the training pipeline in the following 
numbers without significantly increasing the time requirements 
for processing students through the various Service schools: 

1. 167 trainees into Phase II of A School (surface) ; 

2. 20 trainees into FTG (surface) C School; 

bee 20 trainees into FIM C School; 

4, Five trainees into FTG(SS) A School. 
Furthermore, if the envisioned 1990 fleet is to be fully 
Manned with FT's, the Service must identify a manpower source 
to supply 250 recruits, to be inputted yearly into RTC train- 
ing beginning in 1987, in addition to the anticipated mental 


group I, II, and IIIA accessions. 
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je, FOSSIBLE FUTURE RESEARCH 

In developing our policy options, we have assumed that 
the training capabilities of today's schools will remain 
constant through the upcoming nine years and we have dis- 
regarded financial considerations both within the training 
and recruiting commands. For example, the results of our 
baseline and alternative simulations would be modified con- 
Siderably if the Navy decides to build added classrooms or 
to schedule classes more frequently. We have not attempted 
to determine the relative expenses between inputting service 
veterans into intermediary schools and the processing of non- 
prior service accessions through the entire pipeline. Simi- 
larly, cost-benefit analysis of recruiting in the many eligi- 
ble manpower pools for the FT ratings has not been addressed 
in our study. However, the SLAM modeling techniques that we 
have utilized are capable of supporting further research 
into these questions. 

It is our intent to give the reader a tool by which new 
ideas, suggestions, and requirements can be developed. Hope- 
fully, SLAM can be utilized to improve the already burdened 
training command. We fully appreciate the fact that this is 
only the beginning of the modeling process for training pipe- 
lines and offer the thesis not as an end or final solution to 
the dilemmas faced by training specialists, but as a stepping 


stone to further research and development. 


AL 





APPENDIX A 


Ber PLP E DINE SIMULATION 


PROGRAM 


SLAM 


ou 

Ul MM eetoce 
om SUN IAN 
O oD 
~—wifi © e © 
MDinl 
MOQ em = 
= ofhyr 


xOnn he 
on = =r 
Ff © OH#O~ 
HANI xX 
Om ww ee we OE 
nO <>< o 
om A KC Ht 


eOnti l= 
tQ—~—-~O 
hm enone 
ot Ning 
0 me ee ee wes 
= >< OK 
(ww <x fo 
~~ ee om 
x™OoO Drea! 
~< MO eOM 
or om © @ 
CON At 
© ot me ™ me 
HAHASOSES 
om ot A ITY 
RED wee ee ee wwe 
we we CE OC OC 
za MMM KK 
om ood MK oO & o 
ZO« eDOD0 
HONG OU ou 
A{OnwD « eo-t ce 
wrme onnnna 
Re eh teen = 
oh mm) DMO 
VN eth aaaNN 
mee OD ee eee ee eee eee 
ti OM «KK OK OK OE 
os Mo OK OC OM 
TMwere e@e ee 
He UNUUOUY 
ee 


D2TPELINE,2/20/82,13 


o 
hd 


ad gy od 
WwezZe~ezzzr 


CL _ fee et 4 tt 


OTA SID OP TOA aE FLOP TPO et NIA FID OPM TS DIA ES FIN Oh DH TO ANG EDOM DE OANMA GIN OE TDROANM FN O™ TT OSIM IW OF 
eh el ad at ed ote ITI NIN IRIN RIEGEL EEE VENA SFI SFH SF ISTE TNCMMINKH KHIM OPC ODCONSE ERE RE RE 


BELE QUOTA AVATLASLE 
SUBSURFACE FTG 3E&2E QUOTA 


RTC PHASE 


WIOTA(300),55 


Ww Ww 





| “ 
-~ 
tA ZzFunnwunnnunnnnunun nunaAannuwnn* nunnn nnunntnnunun iu 
+ wm bt BH BR b fb bt be te be me he el OOOO a a ea ha i hh 
de $e ee be ee ed Oe ee ee ee ee Ee Fe ee ee es Fe eee re eee eee re SS 
rrewwww ww Www www ww WwW WwW Ww Ww www ww Www Ww uw ww Ww uF Ww 
HO aay) SS Ease Seti eb > Ca > be a ol FE ee ee ee > Ee Ae Ze > ee Se 8 ee Woe Se oes Wee Tee a gee 
(Cen ta Ae GG A A I or ee A A ee 
aA nmWWH HA waA WH HY A WH Wn woA Nn WHun WnntAwn won worn wm wymnniain aw 
a ro] a 4 i) —“ _ oo) 4 4 -~@ _ —@ _— — _ o4 — —} _— 4 — na 4 4 i — Cel | — — 
0 se ee ee eT ea) 2 Be ee ee eS ee ee ee a ee 
rae a he OA A re a Ce Ee er Ar a Pr a Ged re Oe eer eer a PA ae eer ee a re 
US Se SS SS OD ee Sn 0 eS | rs sh ee 
© 
. A © el « A , A « QE ¢ Qo QE = A © SE 2 «> Se: Sl , A o A, = Qo A = 2 A. 2, 2 « en © A 6 A, A 
we ee he ee ee HH RK b fe bh mH he eR le Rh he a ia —s ie hhh Oh he lh lh Oh 
K-o%gs*ogenaosgsedadeodvoedoedodsoioedodsoednoieodadoedgdceododedvdoeaooaogqorsefvndengjadagannooaos9goés 
{ 
Trereoaoaoodrreoaoaoqongexr.adtrkr it 9 0 - —-. 6 06°22. = 0 6 Zz =" 6, 6 = - Oo 
YN Zarek re vn Zaererke HH Zee MN feo) le Va re ed le ah Pin ee? (al re (ed WY = 
—- aS MN OM F AN OH HS mt AD S&S mt NT GS mt NN GF mt ON Om ONTO 
af 
eo@wrwewrMrtertrewrteawenrtieartieetertierienrwrwtieti@teonrtieartieerwrieaionwteieeriea«tiontearterteewrrgw 
a a i a a, a a a i i i a i i i i i a a > a a a a 
Qa 
Gow i = SO Owe OO. Oe es. EO EB ee TOE EOC CG EECTC(C=EESSC EE 
—Z nnn n FZ 22 Be He © Ce Ree RO ROR OOO ROO hhh i 
Cu at Het Ht HNN NN OE | | Om F&F HF HF F NHN A WW WY O08 0 fF OBE -® ~- ~- DM DD 
ul 
a 
% 
= 
a 
«<q 
4 
aw 
(>) 
uw 
WY 
he ee oe eo *e se ee se ee se se 1 od ae ? oF se oe se oe oe se se se se ee se thd of c@ se oe 
=z. ~ MOC He wt wt FN HH TM DO DMD GO FTF DNHeaernernrnemmemeareenrTfnvot GG ¥ 
We Dine, ws NN ND DOA fFFNHN De ~~ FF F&F DWH mM DHA MNKnNom~ Nn FF CO -F KH 
FIONA Fs MN OMrONMe nNnnMmn AN NN MON NN MHI NN MN NN MN NN WN 
+ e eo - = e - o - - ° eS - eo eo o eo eo eo e - o e o eo eo o eo e eo e 
Ve | i ee ee ee re ee oe ee ee ee ee | 
Leeks @ e o eo a Cy o eo o o o o o o ° o o o o o = e e oe ° o o o o rs ° 
ae in 6 F- DBO Ft NH MN ie oY © CO Ft N OM Nn Or DTWOaeunvArtnNnnmnn 6 &Y 7D OO - 
za ¢ DF © OWN $F —- ~oO vooorvonvt MN N A OTF Oe ON WKF F 
UI eeeQD =—t AE Mee dF cothy oo O oof ea ewePeeMrreOeoor TY Mm FF mW O FF DOW CGC DAete AN mM $$ NH Oo 
Orn aA HK AMR AY SHY RY OANA NYN NN NN NN NNN MM NH OM A A A | 
ite eu) t t eW) eL) eU eX) ®X) #1) #U OU 2) ®& @ > es ee & C * o ° ° ° t ° co - 
OSU 99 DM ce D Co QDI WMWIOWO WIM LW OUP UL 0° 0 oe 4 oo OD om ry colt coflheoify seer OM ee cotfhi 6 O coh cof} ona oe LD oe 
CVE ON Er NE OOD ar tN oy OK ON DO =I N NEO ONS SOE KAT ONA Oa NANO OMORNENe Ome Nath 
WN ENNIS ON ON ON OF ony eM ON Om ENMU NUMUMUMUNU NIM MONO FOMUIMOUNO-ST OME M 
MmH— em ot th eUl Cm om etmonmeneoeentoveese otis “is oll) oll) ctr Os OLLI CLL cuts PL OL ofl) cls OLL OU oll) etre © 
Mee om em eee Fe we ew ewe Oh OF we BO & ww OTE OLY OfY BOTY CY OY Orr OTF CY Of Oe of ofr off a 8 en ® 
opti OW eis aU elUINtil NWO WOW LAI mu gu OU OU SLI OL ofLt off OU ofl! ols th! otLr ots elt! ofl) off oLIf et? 
b= Pb ob ob of— ORE PE EE ot OR OE DE Ors of— of ob of of of of eb ob of— Oe Ob of Of of of of- 
Wt wel oef od earned wwe AN GN IN ENGIN ocd oe Oem oc acl oct ont ocf ont ocf oct oct otf onf off of of 
Tw wk wk We a Wk a ee ae - ea  ee ud e a  e e- 
KrUMUMmUY UMUN UF Ur UTUN U4. UN Ur UP UMUE UA UMCUMUTMUCUtUY UT UA UNUT UN On UMruUlt 
ec ee ee re een ee ee Ce ag 
pm) 
a 
=z 
_ 


reo 
| poll Boal ON? @ 


IL Ye 





od 


a oe 
L 


oom oll! ot) oF oF ow em eeenl OSS POAT el 


oll) os of!) off’ et MU etl oe Pl om oF eID OD OF oD ow row OF e eDMe Ae oti 
tort) eb AJ © © OCD 969 etl) ULing erty © & ec aMUIMU) eb 


ot of- ef- of- of of- © & © 06 () © (9 090) ©(9 © © ot OFF 045 eu UI Ot os O ee o © of ee 
Zz Ore OKI ew One Op OTM ee ” oT © Sete oct 
Ol OF-W- OF F- OF OE OF OF FOE OE 
CIWWNDI YY UTDNUNQMQMODUDYQINAIGOMIMOIM Oo. 
Hele KoOtsrtqartgtgaAraeterOotmMatartatrdau 


od ocf of ocf ocf ocf OF © or & Ot Ore wee © & Ot Ope Oe OL Te eet NNN OO o oct F 
FUL UL LU I LU OR EOE OE OE OEE OE EU OE ER OF 
UrUl On OLY OF OE ODOC WOQWOQMN ONO YMNONOMNODSIVMCYV COW Vow w 
MITT TUIATUITUTOUAATDAIANAMAIAAAMANIA AMAIA AOMHOAAOAAArEOAAIOF 


t t 
wnnn wn ir t t 
tH hehehe Ww) ' { a 1h th. 
oo ee, ec oor ae ae t ws 
uw iW Ww uF we UW us vy + /) { | = —* mm F 
5 a + SF = = vw ut? — oO t t | iL Falya) tu ie OE 
—- Fe Fe Fe F&F FF 7 te =) t t 2) oe n=. “AI 
Wm MW ~mM WY tA i) ub <I -f »t4 { Be — nih We us cry tse 
ia on i oe oe ae viVW) Le ae 9 iW pas 1s 2 <t t ee) ag b= F- 9 WW ma - 
eS ee oe ee ee ee | ied fe] D wa —_ ~~ | Vv) iy) thot a «LL e) = 
ee: bee ge ee wo wu WY us > ae Gee | MO OV) + «SF © ~- > 
OS ee CO Oe -_ >> er Dd > moor LL ] ty —y CT Fi - 
7?) call ee ae ee ES) ae I Ss) | us usr tt Pig 0h oO + 
we oO oO Soy > ++ > WY a - be ul WO, ul ut =) Vv) 
—- Fe Fe Fe Fe Fe $ So] > Uw O00 Oges | oa) —cr the a a4 i) ES = SN cae 
rT 2@ 2 2G ao sv OF WEO ee Wr — Hue Gye or] > WwW WM D 
Lee boll andl al od — or CP Or wv usc) Cre a na a] =f Cal Cay au 
Oe ts. Oa 7k WAL UL WALL UL LL Zz. raed a6 -D> 7a Bez wg »& [ag = > ee 4 
Cae Se a — oe wor ULF ULE US _ OA “(1 oe aye +- t)> = 
wy Fe NUN OY + 7s >> nia ca) Mid Fee Fe Rane nie ae 5G uw - = Aa Pk - 
COU UL uL. «{ I ) — - ~ os 
Yr ere Cae S& < te eae oat Ww oy > > > 2s ws t t > (ue iui - oe Uy - - ti 
> ~> + >» &§- > babe mh bp ~ WO) rea - <4 t # <tt> tte uty —~ TT tt ww ul 
Lag ate 2a AS tus Wa t | i se <. . ee —- fd 
5 CS) Gly i CAs Dies ae a VAULTS CA ULILLIUS me ow 4 We +} av t ey We Lib e Te ff OO Ww 
ot. he ge ES HAO —+OAQO UL LY + ULSUU ul t t 
oOo 2 oy foo Ss (7) + ome CC) ont Ot oe Or ry TIVO { { 
*e 
—) 
a 1 
Ww t 
3 
ce 
wo ey uw 
cot) ~ (Fe) oe te 
oe Te r | @ = 
rr eere of}- o { A | Td ce id 
a os LN Or om > t t~ wo eo }- 
°o Oo ce ~ eh «f t w | tT) - < i) 
Oo > >> C= t- uf ~ Lb ul - 
> LL. NY ~~ Ae ww ww | m- iw tly my 
om o a « Ai ws eo oO ~~ os o ~ 
° oe ee ee eo 8 te o = —_ — <x Wo { rao] ee ran ae 
mt NY © O ®© ~ co foal >< © +c — co + - 
~ g Cy MP mo ty —" - N CITN ee erlls etl! wD cr =~ a lad 
An NN MN — oun © © sae Sore? Y~ Brus au) | | -— — <= - 
- o e o o & x<~ kK —t OK WO Crew °« m— © <{ «< oe > 4 1 
a ett tlt x ~x< ek arx< ee 80 te Ore Zh oom meey t t ° « oe te YY »< ee e & 
= - e C o - oe | oe Ss NAN AF 8 8 Rt AIM jm == A) — © } t — eo re AN tee * AQ =~ & 
Nn A wm Of ® wiHu nH ft Htmuur gg om ff D+ Won -Oa | t " Ts | | | ae wf mm ow 
iam] NC ee oOo ono Le @) —_J -— jm ~~ -— JJ ~~ om —_ oF -tYi~w OD so U2)) t — ce Jj = ~~ Od jf = _~ 
o Oo wy ~~ st A Ne e &- Nee Fe ~- FE CKHANCC®? me © 1 } gf +t ue oa J re N ON 
Coe Glee t~ . -f mee eee eee MR w oS af ve ees ] — _-— — ~~ oo] eee OO ee HO 
o i? bal > = ~ 70 Om 10060 © DD OO ce ew M— AKO FP t 88 SE | [pS fae far Nb — be aero 
ee cot olf\ cof coped geof\] se — Poet “ae? GO Orel 0 P—4 OO Bont nee Oe” OO Ht OOO OO Ses OO Lf) Ooo eraw MW ) — ee { ~~ ee @ Fr $b COn4 CDOS aww —— ont {_ JO (_) Os 2 Oe 
COCAHOMMOMrANM AreVYOF a Dr OVrtooOsrtoCtcortOo™ MWe KO eb WO eeD | wom QF q~uqgruuir No QOeKYnNXKNCOOr 
UONOFOMUMOUNOFLTO ZOrZOrNnA+F+Ar-ZZt+tFeaAFAFO & emt emt Ovtit > | { HD ere Tt-t+ Ohm © -W Za ef ef-D & 
Uy LLY PULF OULE OLES CULE CULE em oT E> TUT U<d eeeT ih QUT Tite eh IN Om FIM { t TOMO tuUtwrar~ —% <TUlel erl eeI Ch 
Mm ery err ety OT Oey oY fecy tL eoviL © ef SEH ef) 0D ef —t Aim arf eo © sober) eo t { eT erVeoQthL er 4 ers + © eo(y twee & © of © 
' t 
! 
| 
cr. eo 3 es <_.ec er aA t a F ww ct 
i) O eS €&@ © 0 OFF 42 Se] S = | ae - F&F @® <a Te 3 
uu > > + > ~ » w US | nll es i. UL} uw wu z Ww ur WW 
(a4 or uw wu wu’ mWY Wm a ra f—_ ce emeete rom Tn | ul awWMN tt 
AID FIN OK TH DAAIM FINE DEDHAM NOM SKHOANMSN OM DEOAN MNO DAOKMAIM EIN OE © TOMUM FINO” THFOAAAIMNSIIN O DHONI 
Oervowrcewvgrcococac#caera DO ee 8 ae ae a IN ame OnmmmnGy sf 2 TSS OOO noe oe oS 


174 





mM wa 
Ww mw 
— DL 
m 94 
at Gy 
- ©) 
~~ 
VW) uw _y 
tole @ ~ > 
He < 
tL LL -—- om 
-> - 
OO a. 
ee x CL 
-— Oo 
ala) re 
+h - 
Wwe Ww tt 
>> > 
Vela) v) -f 
IO a 4 
se 
os) 
(ies 
UL 
Q 
rs 
=i 
=i 
~ oe 
- xX w 
ond x ee ea WwW 
o om NN ©. 
oO ur " — 
2 cj} a GS Or 
co oe ™~- & > 
uw ee oo —! its 
~- Dm) @ OM eh 
CO weer piece O uw. 
oO OFae-ae* +. 
OQ ZREUEUIS —w 
IN AUTSO ASN Wo 


eora f) eM eM ANieeA o« 


Ui ew of7 


OFTG 
Oe 


BVET 


oo” ow UT") wm i 
toh @ © 66D OOD CLL eo tNIC9 ob oe INF of eBthtunib--4taed eee of— 
FIZ o ors ort OTN Dw Oh OK ED wets ont Z OW COS NIU FULD 
YWOF- Fe ME- Oe Wb-wF- Oh mF UY WE et tear eo 
UY OUIMNYMNY DODO VUMUGAIUDOE FWA YOYIVOV wan 
RU FF g{IeoagrfoataAeaqatteaqgouctodqotgtur-uyw 


SEGe ol NUCL 
CSVETS INPuT 


TRAVEL TG 
Uw, 


M 


=T 


ATRIB(C2ZISL,ZATFIB(GI=10,ATR 1603) 


oo ell 


TIM9 
9QUN) 
3QRC 


SCH USE 


VY) 
Qa 
aa 
tu 
cl w. 
“1 at 
bas iL) 
-— xz 
et 
” z 
ae © 
Be Va) 
Vp) — 
bed ia a 
—) «{ 
fe @) od 
<— "Y 
_ 

Vv) OQ 
Iu re 
oe 
=i 
~ 
ce | 
- 

ee) 

oS Jes] 

vr” +o 
oO te 
Omnusac 
) oll pH tee 


fF eDMVIWO eo 
me © eo) of 
f~-—-— a 
MOUNL TY of 


LETERMIN 


XX(31,8EEG; 


= 
t_ 
= ® 


CJ tee 
tu) o» eg 
WwINON 
ct met 

© mae ae fe 

com FC 

ee Ma wD 

-ui~ FH OOF 
rWe aa 

- BLZorvit 

WY) erm e elt) 


= Cw ellJUlee o eo ee OO 


w 
uy 
Ww! 
x 


8QUE 
DeEO 


* 
? 


A/1 
BEE STAY+15/0/10 


QUnT 
(3)>» 
(: 


j= 


oe 


Oe 


Je 
In 


as 
uw 
WwW 
rc 


s 


eS SP a a a a ee eS ee ea eee SS eee a Si SS SS ae SS a ER Sr ae er eS 


r 
a. 
a | 
Lad 
> 
Ld 
~ 
U 
71 


A SCHOOL PHASE ONE 


cet! CP oe 


oO he O ew ew of} OOH OU WN ee & & OCD MOMED eof cop wo me OCD 1 OLUNY 
2 te oe o oo of oT) colt ew OF me ott ee el Fl oe Oe Ort TON 
OF OE WE OFF OF HE WUE Wt OF OLE ME OE MEW WORE EOE WE 


q 
{ 
q am | 
{ OM tty 
{ uy Falla) —™ {909 
baa) - = iL -~ 
ve Salad Ha — 86195 
Ahm %*- - + y J} CQ! VE CZy t- Le 
an k- UL ub “1 7) - - t= 7 itu 
tf oa 2 ue © Owe =) uw " 
1 rz Wn oO LL) p 6 > >+ a (ge fh 1 Oa we | ~~ 
’ WwW Qayr fr 4 t) ra a od ts 
f vy —tU “MM a WY OH $ w- mS 
{ Ww OQ HM a7 wl ee se o. 
Tut CC th ae a <T rxek = gaee ee 
Ww 20 DS i nm YY wW ao aa 
1 o70 4 O04. os) =) Seis UL 2 (od 
aC ns a e Oo fc th th 
= u UL 4 Pee A - +t 
$ Wee eR EE Ww ra ht oe w wu ress 
>zF wre ww t- > P= ee > >> _ 
IO Ulew tuul —_ FF <T wm WM FD YA NM <q 
Cie Ntee eer qe at — — & CY ery z 
R-t- th BW thaw =z = - on ™~ & 
{ tt 
Mm rq 
oO a 
i) oe 
(9 4 at 
- nam 
i ; 
t * « 
| 5 4 x 
oO © 
Pe ee x. rs 
| te LL oe - cS 
' tt -f 2. i) n 
= WwW uw — <q 
| uN «{ WV un m2 
— - o od C4 
~”"y — oo lo @} ~ 
Lome oo uw fo) =A 
oe am — CY _ 
t- — seat od — 
«<{ ee < oo ~< «{ en MM 
- = ~< ee eo w < oo ee i 4 *« co ee 
a) e ee oa NSN ) *e en 4 ~ em AW 
t " oO ms on OU On mom of OM ou iw w 
~ a | nal ~~ ~ wf —t] =~ ~ a (aay pal} ~ = 
t+ Oo _~_ c= e Cy eonperst eee 
q — uw ~ — nm Cy ed =. ~~ Tr Tw iT a) ~ — — 
| m@ a om 6 AIF MA CF OMNnoNY -~_ + MDM DOD eo 
mee Pay To ee — eT o we etfs ee ee OC < oor cones ce) 
ATWO OFmeoaeN No Orvea ACCAGWaO oO HNAatk Ab eo 
HOODOO Zak atte ow aa oh o- O* D Zune OreO- 
q TAMIND AMNAZFAF~ —~Tr aut eT eam "in art Ccaqaos 
{ e-t © ew cerry ef oe err MT o com tl ce ew eo oe eet & mer fT) of orf Kjee 
f oer? Ot AM) 6D oS” ow we tT? ZO DS oUt ULE OF Or ow 
1 
IOUNYE VOYUMNYQNHYDIODYUNIVVOIA VON OUMNY HY YW CYUOKMIMYDY 
a a ei 
! 
= 13% > J 2 (yas CS) a: - 
ba q it << a” hae Ce OF: vv > 
a wun 2a tw ulMN = <q < © 
evel af? <1 MW Ww ft & lal teal tay 


STOO TAO HAADIM SLO DT DANM SINGH DROANM EL OHO DANMSFNDOH DRADMMNM FINO MROANMNFM CE NTA SHOIMSFL OO ODANM SW 
OD DOOORERERERERA CT OTODOMONIESCOTCAOEATATSOOCCOCOCOO CO sett tess He ANniN ANNAN GQ CININAMMMOM—AMMMMS FISTS S 
UU hk ak a a dd a ad dd th ed td Se I IRI AICI AIOURIAIAIOU BAIN A QIBIAIMAIAIAIO EIGER AIR IAI AEE IBIOIAIOIE TAIN ATAI RIOT AIG LNALNAIOS 


iS 





Vv) OD 
t= ty 
Ww re 
WY » 749 
Ww) =? — 
caf (22 Vv) 
—s © WY 
s Lee a 
oe 
fa wy ‘f) 
ut 7 Va) 
ra) <Th <f 
it —s 
G a= =] 
£ ea | 
be —_ oe. 
In O 
t~ Uuse~ u 
= ake t- 
ss rc <2 oe 
at - © ff 
B x 
© 
”” 
t 
tt 
uN 
co 
— 
or 
— 
<1 
to 
t 
i 
t 
— 
oe 
— 
(a4 
x fj 
M <q 
Ww C 
Qee ond 
I= ff 
mo ~ 
ord Ct 
Ale — 
>}. (ea) te 
OE ~— wm eeee 8 Lf\ 
Cj rGo Nn 
—~ur Oe e« 
Ne e<I- 
~~ omy vo”? ej! 


WIA MCD of coll SUAS eeteteteet) 0619 of- ew he ewe Pw we HR we Bw & OD NM} & ef LH Ore MO Se FF Ore Bw & OC Pra) ee © oO) ecot com FPUWICDW | 
Dw FD Om of FDS De Zrrn~Fs ee oh ot) OOF © eo oP © OD © ort one OZ o ors oF FM eo & oF & OSD © Oe on oF © Orr oF el Fee T DI 
Wh OF MEW & WE EOP FF UIE OF LI  O- FOF FOF FOE OE OFF OOF OF FFE OF Feo OF-F OF Ot-OF FOE VW Men 
DOMNVMNVIE WDY DOC VUVIWMH QU QOVUVOVOVDOY VO OVUM ONVOV QMO QV VOVOWOVUOMONOCOOMOWYUMDMSD 
CAVQADIAO-OAVANAAIE Id qoTAOATAVAATCAASDT AAA AAATEOAAAO TATRA AANOASTTATE OITA O 


a 
Oo 
a. 
of 


Ole! 


WAIT FOR CONVENING OATE 


~ 


e® @@e 
<Ttrity-— 
W ojJ5If 
CQ m %¢ oe 
ad 80th) = om if} 
Om— ff! 
e fh — = ~ 
Ws ZFTOaO 
Nee Zam 
of ect <[ uw 
IN oc OF. 
NIC OM 
eusjJ © ef) 
“YONCS 


AP90 
PCAG 


ON=T 14E GRADS 
GRAVS 


Cate 


AY, LO/TO/5 915 


Tiviy 
a ee 
& cq oR 
OO 
Cope 20 fF) ew wy 
OC Wor W-- coMm 
Lb The 
6 Set oe 2 As 


Ld( S)=15 
B(6)=23 


=< 
a | 
~ 
Fa] 
—" 
OS AN ce 
WN (qe 
oO Ww 
> 
> Aes 
woauwd 
ony tw) 
vz 
~ZQawn F 
RW OWS 
Zbl oy 
O™ eww 
Ow 5 D> 
I w2 
VIL) > OY LE o~ 
ee FIV >I 
O00-F ZZ 
ee ZODND 
OT — IO 
ee 
> 
uw) 
cc 
J t/} — 
<aOQO Cod 
BE ii 
oO 1) ~~ 
ee < 
N- »~< 
¢ ¢ e 
a fe | ty 
tty — 
e°8 8 
AIAN ~ 
~~ ee 8 ~~? Oo 
on OF 
hae ee” a 
wamet IFO 


VW 
VW 
e 
Oo > 
> 
or 
x D 
— CC 
Wo ik 
Sp oe 
<q <4 
+ oH 
re 
a) —? 
ae 
— He 
se ee 
Ol et 
i] i} 
~ om 
ee eof) fat | 
«Kxa~—- = 
—OMN « 
VILL bt 0 or oe 
OQOY-awn 
e o+- Z+-O 
NiNAO-tr 


4YO'"S 


(airs 
a 
LL) «f 


miu 
tart 


H3 
R13(2)=25 


N 
C 
3 
N 


zaO-10 


ge oh op coba bt O remy PoP NI eX) ered @ et 
PF oT & Of Feief et eet] eet © OF oD o-f) oF o 


sie) 
© 
© 
a 


TIME 


POAS 


QUAL 


IRIG 


SIX 


JFOR 
CHOS 


CHG 


i 
(7) 
--4@ 
t > & 
tt —~ 9 
Ww un WwW 
J Dui> 
ee S| et 
«{-- © 
Ore? Ww 
eUZTWN 
C}~ IZ 
2M nado 
avy Fe 2 
Dd WW --WMD 


WZOxX CW 
Y aU + D 


a, OCF 


[8 ata 


V—Y WM We 
* UiWe Ul 
OrrOF B22 
~Wiliry~ CLOOCO 
FAI F Jo 


mera 


BP .LE XX(3L) REVS 


ws Oe 
Ou 
za 
<I -f 


eof—t— _Jeogy _J 


NOCH 
PNBS 


LQUA 


ee 


es 
Daal 6 4 
wes 
vr J 


¢e 
Lan) 
tt 


em eof] 
<w~— 
—~On 
UILL 1 cons ce 
aijau'aro 
@ et-}-b- Tr 
UV <f <T <I) 


° 
% 


3(2)=1 


Ph AJ o er). 


y 
e 
(L 
a) 


L Sex 


4CHha 


oO) eLEeXX(6) eexXT; 


- 
< 
tu 


eT 


Pie 


TC 


4¥O"'S RETURN 


>t 
as. 
tt». 
Cray oe 








-_ t t 
tf) { 9 
m~ | ! 
= wu) 
—~  f mw 
t- ! [he 
hee ee | = 
z= | +a 
m7 w ze 
— > pun 
mr othe Ot ! or 
ee? a | {tus 
uy uid 
=) Wo. 
ee ee: 
nme g ut 
=~ EE t re 
—~ 1. | ae 
—~il 
re t 
a co | iE i 
<I jaA— 
t- bk | <{ 
aww oe a 3 
<T ! t 
i t ! 
Va) ! { 
! 
’ ’ 
t t 
| Ce 
4 
a) | 
ae 
| = | 
mo 
t 
] a] 
| 8 | 
CQ) 
12 
t & | 
ee to { Fa] 
5 ee | | 
OereDee | -f oe 
2 etZg Ho ee 
t= Ik —/ | - 
Huy fw Oo 
=U) oO 
cf ery ©] |i 
— ow © uy 
cm ff) o& i 
ts Po HF i3 
@m em © QC ee 
Teri | pune 
eet ot | { e 
ww t uro 
ax 
<n 
Ulf 
ty 





e wt at 
z whew 
GOoO15 
ocr Ie CH OCH EF oe 


— = =e ae 


i a) 

ne) 

f— 

ie 

(= 

[ 

(7) 

- 

=> 

a 

E, 

4 

- 

us 

ty 

— 

th 

x 

id 

- 

VY”) 

Tf 

ie 2] 

oA 

>. 4 

»< ee 

e md 

wt it 

wal my 

of 

CO) 

wa ¢ Oped 

Or «x 

at-t 

Twat 
eect’ <t «© 
at oe 


OCHO HAAIE-FID OE ELF DING FIN O™DFOGAIME MOM DMO MOHAIMS IN OF DPOHNMIEMN OM TET DAHINMEFMNO DT DANO FNO DOM HNO IMNO™ 
FEFFNONMMNMNMMNUILWN DOOD GOOODORRE REEF re Oorrrrwmwmdmoocacooo ed COC DOOD OON CO ht ated et tet eet MINININQIAINCINATA 
NIRDIQIQIQLOCIOIAIOIOIAIAICIOIAIC FALAIOIAIAIRIAICUIAICIO AICIAIAIOALAL AICI AINE LASAIALAIAIOI AIR IOAIALE LALA OALAIOA LAL LS OF FCO LO EO TED EF FET OD FD EF COE ED FED FEA EA EN FEN FN Oy 


176 





pe peennee Cot 
Ze & & ope © oo | 


o-oo Fir-i- | 
} 
| 


. CIDE vob AOD oD MWUINIUUE = OLLIE re INU cob ttt oe ote 0 seb- 0.0 OF NUN ee 
bE WE Wr Cr OPE OWE OF FOr Wr Wr OF Muu ew Wer SE OF Cb & ONUUW 
QMY DY SVOVOIYVOMNOM NM Sew eOVdMYYYIVSUCUY Da WO DUTMOOYVO OO OCWOVvOUOLDW 
AAFAAPAIIOAADATAAAC OOF AOA AND AAACIN AV AAACE NAO MOO ATA ) 


CYUNQVYIIMMNOY 
CVT ANT ef xf <T et of <t 





ee ae ' row 
~~ 
mm th a ie es | 1 1 vd . . 
SNe Ww S32 1 
i a) = Ses 
—? tf) 
eo op = 
7.) 7) Dio] 7) - > = a a a ee 
‘nd pO) Sale ae iG ee, Zot MESENE 4 1 OnZ7 wort 
2 - = +9 +i ~~ 
3 OO ae) = + OF ss i Se a ot an 1 ¢ iu uw | 
$s Te ane oree 25 OO Oe Hee xr ies Cc) ote 4 } OTFrF 3D j 
Vv) i) — VY ect me UO-« mere /P LLL! { Take we a) oe CWIY) J ' 
Vv) (ec vw) Oo f ae ran ee ate A sy a 2 ae an oy Th o-s-s pat aT ib a7) of «f ] 
7T us TY ITIMe T ' 
Jo = rr ul > x> ag ms poe Ta. a a “rer | |  GLOD Gaal 
O wv Wn Ww vy aa oO wn - a : anaw o f ' om Q inte | 
a ~ > ib 4 Os [a am 4 —- oO ao z= Mae WwW WwW Se es i FL aa Ciel <f 
CF 3 8 — Or ee eae Tra Whos sez] ae: ae 
S rT So oe ae = we =a pee a, ot eee WAC +190 | ! 
bh uw ot Ud) LL! esos | 
- ~~ > - F- © rc ww -- >a i + ae S 2 nee aa oe ees nn i 
~ OF. < APE oO >> oe De Ue se FE J wenowow owe roe Ket 
tu «a oe 1%) iI- wo Zz < wzOT O 9 wooowdw Te Sine as Fre 
ea e |e <1 ale) x en ©O ex ami Carat p yur © mets © [et an Pe Vid (pe I J mo 
= ib oe ] | 1 
OD pa ee Fa) | 
a = pe = bow ae ! 
= of a = es a | br | 
a = oe J rere = — | = ' ay ! 
wn ° ry S00 wn ~ a | et 
= Ww oan ~ | 
" " a ty b- Oo = ol 4 
a ~ *° 2 a rere = 1 § 1 a | 
ad t+ rh) fa | e Uy © mere “eere Uf = w \ 
Ww a a ~ Oo I--O omm x. | a. 2 
4 n < ee) WwW wr or Se Py seae ” 
” a 9 aes Bxx% zou ff 
s@ nae 
we : ee oe Be ee 
<_ et q uw ee CG) —N eee = aS 
= ig a ei 5 ee Sane eas F | pe aa ' | 
ee as 2 — ee zx wn ~ 
w < O ee ae < w oO TF Oe ces sto a 1 ae oe ! t 
ee ) < on eo Ee” ont ra < oe oe to Pall Sal > — > 2 ead Vee a cous ee We e | 
re 0 cn ae es | eee Oe et eee Ara ¢ Co Hina 
Ww wt iW = i" wi mid ure ~ 
ot Sse 2 eee nino) Sabin Qe SUS ins oc? Nett Ce atk gs ae, ! 
rn oF eo MeN me OO a —-— MN Gane AZZ! gece te ile ' as we 
id - ~~ wL—tj~ eo un ~~ mn — > eee of- ede ~ Sg So eed & 1 tr ore 
ree] oF WW MAGMA « -— mM OD T o+- ig eC aN = rer ee 
enrs 90 Aj— wer pep—-tf-esf—eRyee = OO Pat OO 4 9 ou -—F oe ol, OL ee mOC of aoa 5 aie ete de | mc eenw amt | 
Nae eal Se See ees ay (a eee oe Te eee we eT | ) 
dea—~ —w ZuU't- of eH-— 2 O Ztrorom mw Pah rR Oe ee a al Peeormere | ' reheat DI t 
2229 OC div<T ed eft eiht tn taadttedt-Q he arr A em eh SPOTTY a So ! J See Cae : 
— ots A © eo(Y ikl ew ew oe oN ew eo 00Ol CT) eat oc Ahee tN) & 2S SE aR gE ras, oO ett) ’ somteTe{ eo 77 «+f © ' 
os -— ~~ oe cont ern eC 2wnwl! Lu =) oem oF ow Nw m eo 7 wit t- ow WIL) “OOO a =O ' Fa ee 1 
' ' 
| 
' ' 
7 ON 2 2 oieD oF ot te OW ee eke 2 a Le Eye 
- <4 uwiw nus - - > w+ wv Oo F Oo @ Ss Oo xI len = 
Vv) a »~< mx t- De <q = | Lo ae Ww oe i UP sn ee se seeet (AK a LY OL OG) GO 
ae YW Ww ae Oo o.€ - mar oa An aAet 7s) : 


~SORCaIIOMeELOF DO DANIM FLNOrF ODP 
t ~ CO. FIN OPO PROANING NOM DT OMNI TIN OM OT CANOE IN OR OO OANIMSUINO pi 
UNAM MMME MME Ea Soa E SAMNUIININININ 0.9.0 © LO SOFIE EEE NE RAEN ODDERDEDD OI POTTS DIITIOQOIICOOO 
COVED VED EV EDV ED ED COVED ED ED EDV EDV ODD FOV EDV EOD COVED COVED ED COVED) COVED FREED OOD FOE FV COED ED FF FA EDR ERE VED ED ED FD COMER EAE EATEN PHC EN EO ED 


17 





ies) A { { oa 
1 coe avd WwW 1 { ce 2 iy 
t Va) Ww ru 4 > J { a - = 
ae ww Ge = uy a 4 
‘ fe aa- WY re = rs 
“4 = : WwW oe} mu 2a wt =e Va) UO) Wy - ad ie 
é fi 53 Sg) (Sa 58 i 5 BSADan | roe A as vv 
©% oe th i em, a _ G e nh a - < a AS on 
Za) Va) vere J rb Zz Yee = 8 OZ2Za ba > 
+ Cu) o) ms od) <1 s) tS aa) 1 | = ea ae = A 
eo es tomers 5 3 meee i ei) ae 
= 5 a _ S) tJ = 
- cS my tw a > “NFOTr am a] Wet aa : - ‘a pa = e, a 
— cr igi = ~ IU) vy > mw rl a= ns ie = - 
5 l= au ee oO eee a e Twwwww | r&b eae oo 
= Go 7 
a C) va Ord eS WZ YU oO u. a ee ] ce a ae ee = as 
Zz be S -—- = ad zo an) Prin: 5 | > Te = Te 
= & ae a i ee Ze > ee pf, & = MS ee 
Va) a ft = me > ty t- 
~ - Or i - or oo “ om a a a re - ae ae fe fe 
Ww Ww u. > Te) = els ade) = = Soe oe ! aioe nl ae ape ey a 
lw > - oe A { tit — —-(94 ape, ry 27> = tk. Ww wl muy iL Rs 
=! Va) he cc | <_ (u<t+y =O WW Sia ane ne | = = 
uw © m= wn LL x Cy = az oe VUVUOVYU oe ea 
oe oe eTown te as ae Ww | Tig oe = 
5 ry aca Re i fe 5 ' mo ~ 
" i" oJ Se, ae? | ~ = S 
~ ld 2, o> >< -* QO ad ~ a - 3 
= — ~ a> oO» oO oss pa na = 
wo wm oO ee > N oO ¢ { = am z 
~~ — -4 Ln Ll at ~ a4 | - - 
(a fad & ~~ J xD &; ~ ON MS As o 
= ras -y > ee iO ia n © a ye 
ai < ~~ tL ~ s+ 0 | " | 6 ie “f 
o o C4 orr~ wm ld { ; _! — 
7 Py t Ooo. re ~ 3s t{ { NW | = 
ui] " u. eQ90 bd = © Le a hi 
-_ ~ UWI" oY > ~~ t® setae 1 LL | a s #e 
Ni NI cy 2f{<q{OQ eo { - t-te os = 
— ~ Woo Oo - Ww WW Wty ly | = = r = 
ao aa a se DIO « ee ee ~~ U/) oe omte <x. ie OC OE ee 7H -—< t) ae ty! 
ee we u) ce us peee I -I th G2 eed St Lotte betel | | ‘i ” oe 
3 a vy [| ee a od 2 <4 XIrO- + iN OLN O | ae Bis te w “Oo 
= = a « “i ¥~ao PO 0 ed 99 ° Wut Z SDs = z - O = OSs 
% ns or Ses aie moe. eae a aie ed oe = oe oe Mw 2 Chee 9 Oe 
juin 2 Sets Se eee ae ey oo : Gea. pibenars | | iN -4O Oo © 2m = al « 
N Ww +O 1S) e 2 ay - a & Orrknr AI OQ te ee UOAeater Uf ht Bu) en ay See Pa 
a | $ og 4 com, - J > om eaetal dias - ie = : aa a | Ww i] on aa ul) tu Ww 2) 
Ww tf On ams Ww Ww ef UWoso (aie | uw WW oF OOM oO a t by: ne ee ame os pa 
n= OF co- “A FS WE FOO UN mR FUR Se tt ' ereg MG ee ae 
ere f M$ Fie Me co Aen UW aisa eo @ ee A ab th e et Vv: nd { { Se pone eee ee: x Me 
a cee ey See on ay -ss5 ear m~ om Oo Soi 4 abos ele aa { | = e(9F eT <o ef-— ( ere ~ 1 — eo 
® effieer of) ee of-+~ T ere e UrV—-coe -3FFF CIOS tA mM [a8] mm AUKRI am ~_ 3 ps ~ ' ras a aS awe Sage 
aH Oe a a oe a Po | e NID Mo. oO ee were FO ee CO OO ee OO fT) new ee od ped Oe PER te | | PR | Sota i eee Sye 
mMORr—OrFQ? WO Feo CO -a® F222 eed 2 AP oad oll © ed 0 oh oe) ee —- > Boncogss { 1 inal = er a eee acs 
TOT eNTZN Onwd ar a Den Wear avO aAuUTvO TAZA eZOFPO of e ° t H Serco 3) ome Oem 
—“s © & & & ors = — ef) or « @ om & — © & & eo}—-}— -f sh | OL) FL) b-oe cel ce & ee Oo q Sy ye Res Une ail 
EES Sree oho eS a Sear Sime. ce ah cS ao eee ee aoc Bt ¢ WH 9TE eWOLU Abies OUWE- ooh UIT F- t0 
COMER el OWA 02 OCOUWE ee WATE oo IAIN ee & ee Lhe e ©) et of- © of~- of - © © OPH pa | Det oeqes CDN DSF om TatNDe as 
Mele ocfes ODN DHT ems DI FUN De FONNN ED © © oF & Oe ome OL) © OL) ot) ep aioe oon WenewHnewewe OF Mwwr or- -Wt-Wo 
WWMM Wh Wt-OF Mu Ulery -ty JE-E  tLOFFFOFE YE OF EF UF JE OLEEE ou: | SJM”AVITMNY DODVUIO VM DounvoDdorut 
LEXY INMNY DOV DOUCUM TS a. lwMmodomsCuocvuw'c ae eo See ey ee eres Ga ACHAT A tg GE AAG a 
QAWT AI PTCACAIAAQVIFEANAACTAVF VATE CAATU AAT AT AAV AVAUM tdtade- { é 
{ 
LPs mel muy mM 
98) tO on - u oO om vr CG © 4 i ee { ! = os, 
Ww we) ws oJ > > ae) c > cee OC) te - 1 ie = iy = 
pa | z = ww ~- he | (=) wm Ww - © WwW ’ ere FT as eee ee 
QO ~ re 1 - wo ee) «t tay coc ow 1% te ee : 


LTNHOMSTORMNMINOEH EL 
DANS NAOM TD FOANUMAEH OY OMPOAN MANOR DORIAN FN ODS Don TOHNAIOON DTO ANE 2 
BEEN PDP aD aD RAR Ly Bay olay WP TP AS Sr a Oe a ae ak SRE OP LTPP ae Uk ar eae Bb ae die Sit ete 


290 
491 


176 





a. 
Oat 
x. F. 
UO 


toy 

° 
ame 
el 
— oe OO 
mMmmuw 
ome ot (Y 


wcaO 


DHKNIN SUVOM DT ORMNG FIN OE TREO AAIM EWI OP DFO AAIM SHOP DIADHINMS 


h=UP Ya" 5 


R 
S 


{ 


MORE 


4).LE oJeGeMSYOS 


4MSYO 
ME YO 


i 
i 


Sere 


NG tale 


JETER MINE 


TAY »20/1900/ 20915 
Ye, 138/120/205 


CHS 
ST As 
STA; 
STA 
YoFTM SYD STAYs 25/360/ 203 


(PA 
» «U} 
W) Aji 
ee 
seco: 
R-(Utue 
mie elhL 


16 
> 
> 
=) 


ESTA 


SSTA 


VYOUYNUU 


NMBS 


teep eres 
AT 
roared 
a 
- *® © 
NoNn»D 
Nat + 
e®ee¢ 
‘e}e [ede] 
Lest rue 
e®©@¢8¢ @ 


oe * © © ® 
coh t—- FS cof Foc y Me yb tee ew ee eh 
sec otf oF oF wm ocdel eo we oe HKenma 
Rr ee © mw me mw © wm Od oD of © of af o oP RE cece 
ON NN Eo © eo om @ oe ots of) © OL) OL) OPN NNN ZT 
aeRO CR RRO ROR MFR UF & UF UE OFF-EEFEF OY” 
QVYVUWOIVOV NO VOM VWMYOVVOVOVUNVVUOUUNW 
CD) fd EE OPT KE TON ET BP ET TOU TAO BU ef (Set A et ot 1 OOF- 


<q 
or 
~~ 


eort(> of- 





Ex 
SGFY 


SBE* 


f° 
m 
= 
Ve) 


S 


ee CH eS SF CH eH te FH FH CF oo 


u 

1. @ 
9 
va] 


1c 
Oo e Cy 
q 1 1 i] _ 
ro sas by Ny] 
| rt ae oe pe 
1 ' 4 (), Soe a ad n a 
1 ] j ' YO shes uw 
\ t 4 iw UM th Sy wy m 
1 | Ova wn ~_— Ne | 
| | | WwW “ILE oe (Et 
Ww Or Je) “ 
1 fea) ert o Ww > -~ 
1 | wm DOW - > or = 
1 Or a a~ *€&D ral 
| | | | -D Zeer om ra 
a -—CO UO Ee MU —< 
| > LIK tap = UL ww 
TUL) Uleine on up usa tts 
orl Sai <f{ =) Se) 4 
j t( Hav Wee ® LL u 
Z| | 
a Be 
| ~¢ =y " 
4 | Q " 
iw 4 oO i 
ia a | = 
— 3 od 
{ at | a a 
j ' me 
Ww | | WwW of 
s) us es 
aq | w ae 
tL 1 t mm ee > 
s | | ¢ a 
=! fo @) O QO 
” 1 > | Z obs = 
a isn b bas “ae 
5 1 ' " tu rt] 
” p i ~ O oe 
' ce) WY m 
re) | i | = ig a 
E 1 «@ a 2 
uw _ a Te 
| oe 
' — ee —_ ~ 
| | << pe < <a 
- t >< oe ee eo 
ee ae, Bee: eee 
1 rT) ee —_— us " " W 
q | Sg rs ent © Neof toot 
1 | | an Wigs New ™~ eee Ue 
H m -« or QC mncemom 
me LN Ou weer OO 4 Yoel Yow tPF ce 
} | | | = erocre o J O~AanNetnr DO 
{ p 1 ErOHO™ —W Ziuitk ef 4+-C & 
t ! t TONMIN Orr OA est eet cor 
' ; jl eu) & =r on iS 7H ew ee © ON ao 
' | | so” mh! —¢ ow — tort CS eA NZ es 
1 
| | 
| 
t 
] ( 
! q 


args E 


i) " 
lu mY, 
+4 Ls 8 | 
tL 3 
— a4 
re {9 
a 
ut —! 
ey ‘ay 
— > 
“I 
- cy. 
> + 
a 
put oc 
+ C 
(L 
} 
Ww ~ 
> — 
VY 1 
| z 
oe w 
oad YO) 
& C) ee 
oO a 
(QU [a A aN) 
2 on} 
wn oad 9 
- of 
se fs 
o=- ™ til} 
ne Orr 
ery *ery © 
ul ww fo 


= 
> 


fe 8) 
wa 


OSveTts 


- 
i 
—_ 


PROVE L TD 3 


BOCQ2)SLsATRIGB(4) =L0eATRIB(ZIZ=TNGW,ATA IG(7)23;3 


oom el 


WUE OR © © OLA FUT) Oh ce LUIS LU teeny ob 


v2 2 
3BOQU 
$ BOA 


NUMBERS 


ESTABLISH INITIAL 


QUOTA/I ; 


utes 
oe i 
NSN wD 
mt tet TD oo ee 
ed *=eOO 
—_—Jm~— tit & 
Crrd-r 
AAS HW © 


ww @uevew eof L! 


coll) of-F- Of- 
Zot eel Dee wwe DF OD & oe LF TDN Dw Dm Ome oel FT) orto orf 
QRrORiWe WreWre CECE EOFR MEOW We OF; oe we dtd 
QUNCA ODYDV COC COM UMOMOAILY DUDVQOVMNVAWDE FEO" 
Ott AAI AC AYA AAMADATA AF UOC -TID ASAT UF AdtIateo 


PORK NIM FNOM TPO ANG FIN OM DOTORKIM 


oO un -Or D 
ONE Ce ere nd ee PUN Ga EN nd Pod DAD DG Bn SpE AM MESA SAL Bs BLD Ga i A eA Nae Ri inet c Ta) oS = a 
UNIAN 


Vellatlelallallallaliallallallallal slleliallallalraliallalliallial allallal allallallallallaliallalallallal sl @Uallallellallallalla) 


UN UID LAAN UD LIAN ED UN EAN UND INE LANA ER UN UN LA, LT 


lz 





KEMNOS 
=i 

a) 
P 
STAY 
Cato 


3 
fs 
Q 
Se 5 


oc 
Sua S: 


GN We 
f 
G 
G 
= 3S 
} 


NO STARTS 
DETERMIN 
CONTINUE 


EerACS) sSGEG. 


ls 
el 


FOF 2% 

NO (6) 

0; 
SUB SCHOCL PHASE 


ie 
kA 
BE 
STAY »15/0/5$ 


‘yg? are oe of 
Mere ee eNpnn WW @& #4} 
PLINIUAIE- SH oom of of 

eo OW CUOONNIU FINO of 

EWE OF EE WU J 

YOAYIOCUVUAM LAMY 

were 

t 


JAYS 
S38 E€9 
SREN 
SEES 


SRO DTOPNM EM OW TT OUAMSENOM OPTIMA AIM SINOM RIAN 
EEE OC LTOT CLOCIOSOSCPII RDS CDICQO9 COO ht th ot HM ANIN AININAIN NIN AIEEE ET EN MEN CEOS TF 
ee abalralvallalaltallalalelallallal allallallallallal al avalalal altel clvelvel ol olt alts) AOO 


Wyse 8 @ Oc PFOSUD ob 20h WNW 60.009 Of ee LUN  4HE- IP UIN GD) ot of ere oe NOW © © eb ve 
Om Of DT ce Dw DF om ow Oe eo ed FID N Dw Z of ccf F DN DH UN NN ee es ot) OF WNNN DZ 8 OCF 
OF Mr tut WI WE OF OF EOE OE OF WE WU FOF I er UW EU EE EO a OF-t-F OF ily 
Oe ee oe ee ee ee ee ee ee ee eee SOE Qu oomouor w 

AtAVAIAVAO AO AtAAttdaQE-VUCAVAVAAAOE VPAIVAVAAAAATA AD TALE Ot TT TOR, 


N 


> 
© 
ch 
Va) 


t »- 
t © an me i" 
| tu Lis — qc 
§ al oe —! -— J th 7 
t a | ut. VW? O ul. VW O fad 
j O — "wy im) el WV my AE Cv 
ip ee 1~ I 2 ee - <t rr WY a) 
$ = oe a | tJ ”” pe Quy va) --T 
1 tn MEA WO sy iu 9) th"> va) = 4¥ 
' OCW Own VV wc tod) (a2) 
=) Or w = Ta) <t tt = cams 4 Ta) b= oY 
W Uf A " — i eT ice Gees UWI 
' =200 = 2a) aa) © iu i-> T 
; 2 De O © " io a. Ss On v. Ds al 
= Geta = - WMNe ~ Filed: ks an! iw oe ul. MC 
| z-Co fF -« © — —> = Pee 2.1 z. 
— = Ul =) Lt. de ~~ T)} ty, }—t~ f- 
ive) te ae us > t- be f= uw ~~ —J us PA CLE 
| > Wit-rF ea > x u} LLIp—- mm > Le | — pile Se De 
<t  USdU dew FL <I <2 11s a 2 oo €e 4 bts (08 tu ay) 
we USI-t «x -O -/ uUy<t ot Or ry WuU 
me mre ee H—- WAL Lb Qak = — <f{ 
+e ~ 
| é : 
i] Oo 
§ ~ = 
' t~ = 
' ~ i] 
’ am rae 
t — ry 
cv — oe 
lee mn — 
-{ — e+e +e oe 
| - cy. WN IO Ww 
] eo z — “S10 ~ 
| A O be | O75 oO 
S z = NMA rma 
| = ee - 4 Oee ~~ 
Le ~~ " rT} om Aj 
rT] VY ~ ~ ant) 4 aoe 
— Vv) mn N Wan) ° eal er 
= sf pe bel ~~ > a [eer 
— ~ co co ws 1 ta eo ce 
{ (na) -~ 4 -— >< < = ao cy co 
| aad © cr. oc on CH @ © 7a) NO oo 
c ™) - — A UL! myr’y tA 
t = a ~ 1 se < es a8 ee lee 
“I se bd ~< o eo Yv o OO Wee ) ae ao 
| ~ ot W » ee ee hn — i) LO Jeet) oe ee th eu —Y 
all La ee nN -— ™|™ & (zee nm Im mm a As e°¢ oe 
i] " oO aim us 68 vt HW oO j= st WN ~~ i " [> @) = cay 
| a~ Oo aon a= = = LD | ct ~ noo — => + + Ultu 
4 | ans e Abeenen $F -) ons t aT ZeeO OO WN ~~ ° 
t —~ (iIf\ Ne ~~ wih ih ww wh loti oe eo ectet yw & MO «—— 
| fsa) rs e}.- oot MoO comnm +o rs 2 fo 8) eo Nw ols tc — m+ bt OO ee 
—~seOD oO~~ me CO pne Ot ome ee T) oO Qu ~~ ee ™ a a on) Le CA conn cor ve oO WwW! we ee > 
CNOrere ow Qx~eMNYMaVe Ore el rye e+e eum & OM OAT UO~ b-t-<I COM eo 
| -eOnDe- —wW Zak ob o+-ODM O- UW -onmo ~ —n FOF oF Zire W Tt a Hto~D 
t TONGA Mer WNT oT eat Dani Ne we AION ODO M OFF e-futTUIZEY eee ran 
? ery © eo §& fe oOU) & & © @ ae) o@ ~$ cot o eV eo Ff cof ame & & © we _l oe _jen'y oe @ & a retnaf— o@ 
t coh OU ete OOO] ottd Ue Dw mT OU we tee ONIONS OZ eh ee HOM OTT 
t 
t 
' 
’ 
’ 
ee 
ee 


5SCH rte 
SSSY 
SSRY 
SUBF 
Ties 
SUBS 
SGAG 
SGAG 
A 


SGF I 
T1124 


DAPAIANAS MOM DHO aAAsnaFOAOM ORO AAIM FINO T 


ODODOODOODONOHOCNONNANODAODONO FODODNNNON. 


bd ee cul a DD ee ee ee ee ee a ee Se 
~ 


eS 
<= 


S A SCHOOL PHAS 


FTG 


130 





c 








uw (fy 
a) = x — pe m& 1 t 
ud ©) lm) q vr <€ cw > V <f t t 
~~ — ” Val a8) Fa) h a ny “tf ac ' t 
-/ - | =) ik ”Y — Va] =) ~~ 2 (12 } 4 t 
Oo a J ka me Ac -t 19) UWL <f TV”) t- Oo | ca cc ' ' 
3) Sale iw eo Ss tu Jiu 2 | —_ J) t- uy 4 Ce ' ' () 
LC Aen DoD rt ae en aiy Un Oo uw aa =) Ou > AL L a. ‘ 1 oO 
OO 2 mo ww Usury vw ke ae z vy -- “> waz =| ts) t) ae ' t = 
4 TD > WW eu! DDUYN aAZ rw Us WwW x Va) m2 wW wa Ma. tw) 6 OC t j w] 
Oa ry — Tm—Ct Uteg Q a t' = - > Oto z- Ww ! ' Fa) 
co Gms BL Fa or I wet mt arm ww - _ nt Ww uw - 2 td a -t ~~ ' 1 
qj va) l= =} tk Tw - > pa i) >eor DS aoe) Se POR wu) ' t = 
(FJ wa - OO ef = =) | «f —* oi tt ee) “TW “mw ww tuo Ll b> t ' 
Lo = ty yr — 17 MO~mwe Fer WC Me Zz 2) Yr Zz arwD - Mad a Ib ' ta 
DAW tu ta wOrDo -C F&F e© © ra) a oOo mn t=O tw a3 m— We (9 — st aT a 1 b- 
= i =) = a VI <—e-tL ue Cc» za ue = > xtiL0 oe { | 
WwW tkrv mom UW Ue mM t- t- te — — po wo m— tb wat T Yy b— $1 1 1 
> tw uw -- > tw aSh-t—t- et SL fa 4 Us bt Uso Us — LU tH 3 t) us Phar dar a ' | ul) 
qkeor t q t-> SW Te UL CKD Le | t= — > > ' - ae a he -— <=> DAT | { > 
(ic AuUe- Zao aw CHM LeQ eeeqg 2 me) al uu ts Maw ze VoPaw) 1! QO | Te! 
= won oO Mm Uo rjere IF UW wee th > a> | Oro QO (23 ES fs Caf a) WO | rc 
uL Va) <i 4 1 ~ 
*e QO es 1 
fae) 
M Oo tow | 
Nd oad ' «<f 1 
~~ " oie t pe ! 
oO om, 4 1; a | 
— ry e 1 
fe 4 ~ wn t | 
aed m ~ OC ' Oo | 
¢ -~< O cere uN O 
- cw ~ DO ~ | rc f 
= t— OQ-10 © ] ) | 
Oo <{ aA D f th 
= ° ule) ~ i 
ee t= 0 ee wee (op | cy 
Lu iT] nm ry BP Cae ee — 2 Ma 
WY -~ it camel IIW - oO t& iw 
4 oa - ag NIN >» lt wn 4 
sa ee 2e@te WY = $ o Cw <{ Nw 
aa. fo) oes o Mm —~ N > S. 4 = WO ne he oa] 
+4 ee es | = — eB) dl Fa] th) <9 “sy ee 1am f= 
vn VW? aa a — oO <i ee Taev e) ae uw | 
Law oe WWM ee aN] t- oY ° WwW -Tustl? Bg merry - -2 1 
~ o =z - e z oo us a | ee -— = me) al es | [w e |6¢ oe | 
wo OC ee Wo Orece Mt bo 4 ~ Ww <q = o vee Vy On oe 
fry eos” + ey cor” PH wo) < ce ee ifviee , Ta moe Lg ee Hh~a— te en tt) tC) | 
ee Ube ee urbe Tj e Cee en «a Mm CO ee 4 + ~ wo mr —~ CN -T °° ef? 
aga whuw amd #two I= wih tt to Tr 4 Oo wo wwe tt tt -— O°” 
wy —=m—WY Witty —=—NO mo ee en ene ¢ 8) cr —™ UW ~~ On t-coca =~ ~ WV ++ thus § 
et. © ee $M &O em en nn tw oe dl 9 nN FF Lie Wat OF -6 VW) OF oe] 1 
~—> eree © =~—_ ewe olf} Cie ~~ er lee — owt ea = & - ctr eqieITH ww = o mnrer --= 
++ Mmm « A os Mm - w@& CS I OM WwW rr) eee rs oe CS (1 eee o ewer mOYt(5> ma « rms OL ey | 
wer er OO weer eee 0 Oe pet gad CD Mu. me terhtcetteet ef) +A Ow — of) rs eID MOO ge eH eH Moe AY ees) 
mpmMw amr * MM jm a eOeece a | O>~vwWnwMa eo e« r e a | me, @ ete — ee & OF re(y eon) t-t-vL) mm | 
Seamed * Sane aed! men ee AROO- —wW ZUKRTeSt-—O WN ~~ —W HO CO meDM FNOW FaekeaeO Ate eve] j 
vYrnagaset CYR TINTING av fatodann - mM tox TON A Wen Fors ADATIA—- ef a} t 
eof-te OT o of colt Ml eae efe riN We eo tA FWY eT elf © ° eo UN & eth = > Qme ee eo eo & oT) SF>-th ee © © erot—t- } ] oo 
ePemtel eI oP Zw corde rt eZ Aw tliiNaww weer tom) oF oF ore tt WwW Cw awe eoFP Kt te ae tll PRMD DM oF we eet VOrvtdt-st | 1 cont 
AE ee & of HCD ee Ky © eo & Of HWE MOW Werth & & of 0 (3 eo LOL ee4- COOL Wt ee NICAL cet) LU af oe IN oe) 0 (PD al © eDOM & & eo $°e~N & 
OF oO ore OD wo © ome IN Dee Z oF & ot ore Oh AS Kf oF ND cet ZF ore DK FLU OM wef TUN NNT 8 0k) CAEN NNZ © of (2 °z. 
-OKFFEMMNWOF OF RFE OOMWWE WE Wt OF CFE EW WE OF WE ORF MNWUYy Eee JE or ee mt St t- OF- FF EF OFF I OFr-O 
UC VUVUUMNNDRNVUQVUVUNNDTLODY DON VOVOUMNVUVNOUMNIMLU LOUCVDODVNOOW DAWWODOUMUOOVICUNOMONMONVVOOYUDY I MuUOd 
TATA AAAICASCATARAIVIICAIPACAVAAAAAPIAIQEUDdUVACKHAACUYAAAOFUMN ACTUATE TATA AM AOA | (Caica ¢Us, 
t ! 
un x Je Cc tu > (1 O - Sit ES g ov au © vy cx | +” 
Ar-OwW oO Je Ww WW Ww efeyn > mA Cl | Ont Mae uw t to 
m1} A/D —t/) 4 1 q f€ Onan <{ —e til — WY WM Ww DP we Ww 1 {ere 
OWYO owe vw WwW WY NAF ” we WY - Ce Ce ie OU Oo ee cece eace (7) 


MPO HNO FIDN DE SPO RN MASIN OK OP OMAIM ER OM MAO ANIM SF INOK TET MACIM GS OOF NPDMHIKIMSMOH 
—--OKTTwoVCT MDMA MV CTPIOSCHPCCAHAPOCCS DOCS CO OF weet 4 set et FH INIC INN NNNNANM MM ME EN 
LON NDS NOOKHOLDIDOODLOL NOON OFF 


Sod ade ola akerr ol aN) TOHAIM FIN OM 
at 
RR RAR ARR RRR RRR RRR RRR RRR RRR RR RR RRR RRR 


M FIN OF 7 
LIN UNI 0 .0 0 0 0.00.9 0 ORF RE P- 
000 00.0900 10 00.00.19 .0.0.460 06 


Leia 





(se ) 
thi 
u 
Aad} vd + 
a) -—- & 
1u © SS 
=o Ag QA. DHNIy 
uw UO atwO rrr 
= = iw Dt) 
ee QQ ad 
Oe oS =) cr =) 
a2 a abs BL 
—r © One 
cy, Ivéetaa@ 
tbs us eS) ee) a) 
afe2, tJ et Wee 
ew ia OF ood 
—-—- > Us It Lib= 
(i «4 t~ _jUifern, 
Za. Oo (OIA 
OO - —~wmth * ¥ 
oe oe oe oe 
Ow OW 
UOnw cy 
Ya all aed 
An oe wn oe 
o- = 4 eo @ ¥ 
uN O Oee Lo Cee 
yen oe UN mcr eon 
ee UNE: OU ee wt-— 
Cro Oo We eo 1 oy Ub 
Ut —=w us == 
ee FM & ee) 6 6«.$ tT Bee 
—_ a ee at, ae ~~ ae Spd 
tr CMe YF amMee 


ob po 
moc <tt 0 
t-b-e~ © otf 
Aq eZrT— 


ee) eh | 
MapoWe mw © Greece 
wre ORE = OD 
oe eek: hal wt atest: 3 
eh b- Je oth & oth 
emt ef OT TF we (LIT) we 


ee HLPCOW ee NM © ee eo (QCOWE OW 


o- @ a Pl 


ee FF ops De{~D 


Srihr two Pet CEaSs 
C 


oe 

~~ 

t) e 

OC ee i 
ae a ) —f 
aon mii 
en) AIM 
Aj — & 
~~. ( ere 
Qa —_— «OD 
oj Ce © 
-~U) -—aw 
Oo aqon 
wo oO > 


a? om, 


co” wwe LL 


LLIN 86 OCOWUE tobe UL OU tee OCDE tol) OL tt set- OOD eo of 
cower TON Dee Ss Ome DIT Dw FOUANN ETZNN 


OSVET INPUT [DENTIFIED 


* 
? 


5000,5000-L 
1); 


’ 
6 


Ul— 


LASS 


a 


R 


Li! ry? 
Ou' 
ra 


Hae ORO 
[T UNE 


mt 
{ie 
FU 


Lan Ta 
La @) o 


pont ee? rot, 


-— ~O 
TN! 
De 
cor” ~ LL) 


PLT CSVET PRI 


AAIT FOR CONVENING JATEeE 


ON-TIME, 


POR + 9222092190 229023;5 


He OA AU) 


CHUGL ggeue 


“~ we 8° 
WNo2nOd 
— Zales 
e{ Tt) 
wren 
am | onnee Ir 
CP ke eo 
USlop tartar 

a 
7) ol to 
unRRE 

eo e 
WOO 
HO HOD 
LAA ea 
@ we “SP ee 
~FTEE 
Moar 
~QO00 
a a aa 
Padme ae 4 
—“ © © & 


een SUN 


HE RrMMWOF ORF EM mutuk whee OF nivvtwid Wwke we OFUWWw mE Je Wee bE or CORE 
WIOIMM TOU OVYVOUUNDCODVTBCOMDAU x DV DCOUM IAA WV DVGWTUCVUVUVWOVUVUY 
AITATCOAV AAA AACEAO AADAC AACOFVOAOCAYVAAQVV+ NACAVEFVUACTARFOAAA 


743 
744 
T4&5 
’LG 
747 
743 
749 
75 

gon) 


wie = 
| and * Eo iL 
ed ae OO 
ir vy 


Se 


Oo 
AN 
f\r~ 
ad 


NO SUN OM DAD ANI 
UU LUD LAIR WN OOO 
KRAR RRR RAR AR 


= 
> 
OO 
VY 


TUN O™ oe 
0000 © 


113 


778 


SCOU 


n 


lo} 


rf 


3R OM 


COSNM tN OF TO Dein 
-Oenwmonrrcorc acre 
RAR RR RRR RR RRR 


t4 > 
aa af 
Qa. t= 
Pz Ta) 
=) 
pa) 9 
On § 3, 
Pe Je 
4 eS) 
ec ty 
Ld 
mw t) 
T-) 
7 iu! 
~- We = 
i = © Bw 
- O> = 
—- > cr’ 
ee m~ iL 
Ww x<D - 
7a © ul} 
~~ WIL (am) 
a oo ry 
a Ole) 
oO Mw J 
cs ~ OS™ 
~ mem 2 
(@) oO Ft 
ry —_ «AN 
oem ~ ~ 
~ Owe) 
oe 860k hUtF*F Oj) oa 
ny ry wd . 
Y 1) - — t 
~-—~->,+ OQ 
~~ t KF Fb 
oe ee wo — $— oe ce 
cu f% er oO 'Ay-r-O » 
| Ge TAs) ae Muu en 
co Yr cv COU ater Fa) 
Veh lad - ft nin 
oo TT aA W/’ NY WF 
Ne ee 8 UNH UY 
e @ (aN | ol e @ 
oO t u COeearcs 
theta ~_ om Fe Lp = oe 
e¢ ms NS Ub ® eth Ut un 
— om OF OO ww — o~m-™ & to oO 
Las TaN) (ilGem eq cAUUeNk = ec aa] 
a woe Da De es wee we rt 0 pd oe © 
MMe WOU YCaAyr~ON~—-O~— tL) wo 
met So ON UE OR OE a -0 
raw © eTUOTO Fe YrOrFO D + 
HU! oe O wt Ot Ot Nef bh aL eb je 
IT-l ous op om oP mo e-Tdeere oe & 
e Fe & @ OOH &(% of- © of- eF- eeoerce MY> 
e Fee & epee of of) © ot) OL) oSE er OTe 
ee OK FOE Lk Or Osu 
YUOUNVUNONUOUOUVUNVOVUOU ZawID 
AIA As tayteUdtqoTVAOK ew 


ofYN 


3) 


SRST 
SEST 


FOR C 


qoree 
rr (© 
+ pb oo 
et ee a 
zOoCe- 
mS FU 


et TA SIN OP HAO AAI FU 


OODDDIWVOC OVO YM HtH Ha 


3 


ONOTCTMNMNTTTNDT DH 


sie 





GF 


L 


3¥Y THESTS 
RUN NUMBER 


PORT 


e 


R 


Su* MARY 


SLAM 


APPENDIX B 


SEMUL ATION PROJECT TRAINING PIPELINE 
2/20/1982 


DATE 


SLAM SUMMARY REPORT FOR PIPELINE SIMULATION 


9-1095E+04 


AT TIME 


wy 


NUMBER OF 
JBSERVATIONS 


“axt Mua 
VALUE 


QBSERVAT [ONee 


ON 


MINEMUM 
VALUE 


S@eSTATISTICS FOR VARIABLES 3ASED 


4E AN 


VALUE 


PENNA OMAN OPA ODIO ON 
SDONM NNO NAN KSVHIGS 
BINWANAE Nene e444 st 


15690 
LeLO 
L10$a 
1966 

L@2 


Neat FM INIT NAMA NII MM ANAINN Mm Ai 
937079939909 5999990 909939790990 
$+ 446444 HHH HH HE HH HH HH 
ULL LP UU ee 


WN 4-9 PAYER AA SH FO FO Pa 
*#e*eoeeveeeevsteeee? ee eee @ ¢ 
ANODAIDNOADNIVDAIANAAIBBNNNYBMO 


7 
i) 
a 
G 
Y) 
0 
is] 
.e) 
3 
5 
r 
Y) 
8 
2 
2 
.e) 
3 
3 
8 
V 
0 
¥) 
1 
Det LGE*O3 


ANANMANMMANNMG AONNNNN 
O39990399090009909 9009999 
$O$4¢G$4H$4HHH4 44+ £44646644 


Oe 2680E +02 
sogre 
5 008 
OE 
ys 
OE 
o€ 
5é 
LE 
OF 
ve 
9é 
OE 
6€é 
SE 
OVE 
ove 
re 
0.36 78E* 03 


QOo004 ~nO O90 909090090990000°90 
9090 0909000 7090979009900 
$+ (144644 H¢H$44HHHH HH 4 


HON SeNNNSNMNONNN aN 
9099 0099909909979009799 
Co oe 9 Oy Li GAs 
wus Shrugs capeas Ry CLPLLS ee 
b ND ONG oe miancd ‘oan Da? OTDO 
AM Carer gnyOnd0aODman7 
NEF NOOM OC aGTHNan@wseo-O0rfteo 
IN ANIM O'Nheahe Re PRR A AN et dO T ot 
e9etMPQee#rn+seertseteoeeseeoetetoeseees6 6 ot @ 
OOOO VCO FD OIOAVOONODSOONMOO 


00 745SEsU3 


POSS POSS PIETER PPOTOO?D 
° ete) 

aren SeSSSTSLAE SSS ee 
Wie ae : UU UL 1 Ub wae uk 
SPOR BUR Ss SES RS Oe pet w 
ia: ten inamethio Ges cane 
SEMA GOrNOODS £87 aH=—05979™ ON 
AF BONIS aaa KnMN ar INNA % 4 HaA—TIN 
eoeeeeeteoeeeeeeveetoeevee Ff eeve 
DIVA OAOIANCVDAON DADAM OANAABMNDBODO 


0.3259€ +03 


ua Wy 


Yur ¥ 3 
Wr D> -h 
US meDe{tt Wea w - §*¥OU 
Sure wde >> ST tute 
>~ory Oke EOud at W <U)+- D- 

T+ => oO» Ke DRE MMNOMUOM 


w easb-aet Fee TEMS eon Use 
w>arny &- Be UU Us aren 
FW AYKHHUOMOONMNUIC DTK w 
He ur 19 UR WEY OM VIIMMNMYNH 
-eOW?Z Te LUC aU VUIAM uv Beata 

rypirey Ura 
aum YW ACUUCS #3 Fu weno “ooue 


WWW N EEE YR EEF ODD Ue RP 
catnde AyuuouUuuur Me rte YiLuuE 


TIME 


AVERAGE 
WAITING 


QAXIMUM 
LENGTH 


TANOARO 


e@FILE STATISTICS s® 
$ 
OEVIATION 


ASSOCIATED 
NOOE TYE 


SS 
IU4BEQ 


ov ° 2 
Nd oO Me 
ND °o 


#2900939909%9 9999999090 iy a> Jap So» Now kere Kae Nae Loo Soap Ne 


eoeoeve ete tee eevee eeeaeeaetsent eevee 
FLO N9N 9 2ADNNN1IDEA ID VIAAADIIIADIAIIN DA 
N 


NTRIOIO DOM OAGO YUIOVIBNOANVNHBIIVTVUOOOD 
~~ 


eoorom oo 09D 9939299909292N90090090300 
with 


06 oa 

wD ~ 

N 
0090 0ND0 99 $2990 999:9039099900990 
eet 80 @ #860866 F HFEF HHH HH CH HF HH 6 BO 
ee 8 ee oe aa 


¢ 
N 
. 


oo wy o 
wo an io] 
mo + 06 


FAQIDIO 9999090397999 0999099999905 
C®oevoeeereeeeeseseeeeoeeneeeoee eo 6 0 © & 


5 Acie lei ale be laleualeces alee lc ialece tela, cial ls 
a] 


= 


wu Ub & 0 0 Us eg Pu ey uy 
= >)>)> SS Sala alas Sala ama =) ava) 
UL WU OU ef UU LW a rl Qa ay 
SElSP eb SSS See PPP Pp) a] SP l= )=!>) 
fale le ke ee eel Oae ele he le ie 10 ile ee le tele le ele le Le ae a 


SA NIES FIR OM FF O ANNES NOM TOO at iOSN Ora Fe 
8 het td ed ed IR IRINIRIERIOCURIRIAIOIA 


183 





Nararargraraiargrard aranaig are 
Ont pnd tamed a Oaed png Ot fant Pd OS Od fd tg OP Pd 


Ub Ub UL Ub Ub UR on eh a Uk Uk 


DO0O+HOOKrMOTF9000009 


OANMNENOM BE OMNMIN 
LUD URUA A UR UAL tA 0 0008 8 


ATIONS 
4010 


OGRAM SPECIFIC 
alerel 


HIST 
Et 


LOENT [FIER 


cone eCTION 


OLCT 


STATISTICS 34SED ON OBSERVATIONS 
NUMBER 


pe es ms ma ahem lo psa 
rergerg rd ry err arert i e9ggqg0s990900 
Fhe heehee $e Ho 

seas afin cebaputa gyascda san agus unaaap Ursa 
9955990299009 9009000000990 
99959090090900009009009009090300000 
LY 4 EIEIO NTI IIR RAR In Un Un Un gn 
e#e*eeeoeeeeteteeoeeeeeoeeseeset eet ates 
9099903509 090073590099009509090706 


N NGA NAMM MMM NN AMSe 
9 Co O90 0395 »o 9 O90 
+ ++ $44 + ¢ $F 
Www wu WAY ww wu 
° 32 ooo oo9 Oo °o ©o°o9 
Oo 000 OND oO. .90 908 


O239-9 0-9 07490 7-4M9990M3 99 
eeeeeve##@eotoa eee eereeoe ee ate 
POON OCAND VDAC COD 9O0N TON OO7T0000 


VEE (MONO OME SO NCOe NOS 
matted eb et ARICA wd ad A et od IKK} 


w ° wm 
w w 7" w p= | 
5 TW D> o bee 
Ww Dae We =» +¥OO 


<g eee eo —i Ww wwe ee 
—-NL i YUNn>aw~* ox 
w5> ed —Zwvy wg aruuen 
we arkw aN hed atl VOD EZ wy 
“— ew Wr OMIM AMVUIUIW 
H— IW VE Te RUIUELUE VVMN YVUMW 
yw wu ef 
aww w eon ES USS > 1990909 
Wiis wl Hee FF F- D E UE e 


ODma @ «fT WU ULL UL 6 WL WE Las 


Weeceeeeeeeeareeanas tas 4s! 
a4 2 4-4:-4-4:4-4-4. 04-44-4444 1 2 2 
oo0000coe00c ec cocococooo00909 
Nee SERS EES SRST EERE SEE EES 
ee len 
WWI UW ry 
FAP LIO POLIO APSF I FIFE LLIOF AT IT77F 


ANAS Br DRONE ORDO OAM SN 
el bt ea hed od I AYIOI KCI AIA 


ITLAL IZATION 
TREAM 


EINIT 
F STR 


STREAM 


RANCOM NUMBER STREAMS 
NUMBE? 


MAO at ath mM 
Be ad SF - PIM-NOS 


MANA OF NAA O 
LMNs FON GOW 
ASN RMON ate} 
Na OOO SNF + 


AN OR IR 2s ee} 


ANN LINOM~ TOO 
oad 


NSET/QSET STORAGE ALLOCATION 


[INITIALIZATION JPTIONS 


oownn 
Oda 
oo-s 
OoOp™ ¢ 
on 


1384 





OF 


L 


3Y TRESIS 
2UN NUMBER 


PORT 


= Cyned ag 


M 
SLAM VERSION JAN 79 


sya 
SIMULATION PROJECT TRAINING PIPELINE 


BATE 2/20/1982 


GENERAL OPTIONS 


aa xo 
A AWA 


3000 


NU 


LI“ITS ON FILES 
“MAX TM¢3— NU 
“AX [MIM 
MAXIMUM NU 
FILE SUMMARY 
Nu 


Nararmdiarara ardigrd a arararaiard rare ardra drerararararararararararaiarai qraiMtararmrarararar4 
ret Greed Greed Oran Qed Dah eeey Qed Creel fred Greed Orme rene Date GE Greed Geeeey ae Greed eth Oem re ety OE Orem fred Greed frend Greed red fremdl fre Dates bre pan Greed OO fre frad Gd I fred freed O—F Deed Hf OP eed 


Ub Ub UL Uk Ub Un UU a Ua ha 


rn Ning N N rN ey wd =} 


ee OO CORNY NS 9 0 Se 6 Ce CON 4 0°20 Oe aoe 
ed ond nd 8 ed end ood eed wd PAPE AIEEE IAI OIE AL OUEST GF FOS FSF 


LSS 





9 Qo nal 
9 5 J A WN 
°o he 
m~ 99999999999970909 


DDIM IBADAN ANDNIADBIOISIFANIAN IDNA NNO ANMONMNDAIONAB9IO IN 
—_ 


DOO ODAHAVCDDSOOO3OV ONIN A OO SAA DOD OT OCS OO 30 D09TIOF 
2 
fo) 
N 


9000 £09929 00-F OCOD HSH DOONAN AC VOC O90 OCOTN9IAD90OMG 
toa] 


| 
™N 


wv ~~ ~ 
= mn S 4 

o “ 
0099999099999 999002499NN099DNNN|ANNNDNONT 
*@eeeetseteete#tetoeeeeeeeeeeoeeeseeeeeete eee 
DOOD ONANAMNMGQO=NO AA AO VHonoNDoaNnaganrooono0 09000 


486 
3.4160 


_ mm 
er he 
999900707090 4$00000: QAIOBDIAIYINAAIVIANAANYXA A990 Mw 
®eeevne Fee eeeeeeteteonoeteteeveteteeeoeoteoeeeveeten @@ 
a ee OOF S220 2070008 


o 


—_ 


UU U0 0) UU Ue dd et kd 
pase Joe Pass fore Be fom Jom en Tae be = bm pees be Fe ee = be = Se ef = 
UU) UU) 00) 0 I a 0 a) dd 
po fm fm bm jm fm pm mh bee ee Pe ee) 23222222222 
AOIVVAGBVANIAIIVWAAOIVIGE 89 AC9IN0QN0CAAOI709000N0000 


votes DA aE 4 
AMMMM MAM MOSS OS F FIMEMNMMNNYL HAND 00 0H OD 


t 


UTILIZATION 


*@REGULAR ACTIVITY STATISTIC Sas 
MAX] MUM 


ACTIVITY 
TNOEX 


of ee PFAIMDAINAIIG OOO DOK ORNMONNO OAK O9 
SUH MOAI en Aah nm mst 
oe ie nny <= nye mr — 


OS ee ON ae epee aN ney 
mn tyre —y 


=f = és 


sealed OA Sayed 5 Set he a gn aon ee ee ge a] 


as 

no “nO rod —~ON eo 
ao uh t on or Se 
om Re aay SiN 


909 29INDSINNINNDIDIINDNNN=9 BNONDINDN UR 

eoe@e@eeteoeveeeevoeteoeeeoveoevneve eevee veetetenevte 

DPOMNOOID O FNOIDNNIAODLANDDNIANNAMNAQ\MANNDNINAONIMAD 
=i — 


270 NPW $a ONO ar 
ao NDO oo rane ah 
or mine rae om 


O9SN ODO DANIDINIDADIINNII|NNDINININ|NDOONDN 
eeeeeteeeoeeveeveee*eteevovreoevneevneneeeevr eee eveeaeeqesve 
COO ae a ee eee ee 
ory 
rH ane 2 


SNOB OE OE OOH THM NFO QeKHNANMP TS van ow 
FN at TNE ON IAS ONDA AIRS ARI OM 8 OF PR PII APR PO FP a 


136 





Se Oe ee Ne eee oe, 
Arya rr me OW tS DT — at 
ot ad wnt nd = ox r— o— =—_ a! 
— 


Se eo ee ee te IO Ie HOO 220 
~—_ 


—_ _ 


Be 0 OS Cee = 2 n= ON 


Dam Ow 
ea ~ 
oD cat ome ~ot O7nr 2 ower Oo OF i=] 
fr AU mow nh = ~OoOwW Fe Ov . 
Drm mA OW mat SS TH 


on 

DNONDAAOND™ 4909900999 00008 DOF OU FOF OUMODO” 

ee e@eewtPoeep Boe eseveevesesevoetweoaoeveeteoetrteoeeesteeoeoaeeeee eves toe 

DOO OM=HOTFO9 4270 3FOFIDOMOXOOON LOOHHMMNIDOOOW -OOOKN 
— —_ 


S Aled oor on of NSN OG =F ~ 
new Gcr™ to ff FON wL Ks f 
Poe aap emt fm NN = aN GO Om o 


0999 807-9099 09909909009909F9989 aA 29 DaNOMoOr0000¢ 
eo@evpeeepereeeceveaeeetteavssevoeveeseeevveveevreeaeeveevneneeveF aeons 
BOO 8 re ne ee SNS OS SONOS IN 
o aon — 

— z¢ 


PDO OK OFOKO—MFSNNMS ON Og eae 220° MOND SO Ne anny 
FNDENHKLLKBVEOO HOLS CH PR — POH e OF at tt NP PRIS RI 


PPSERVICE ACTIVITY STATISTIC See 


MAXIMUM GUY 
TIME/SERVERS 


UM LYLE 


x[™ 


AV FQ ALE 44 
BL ICKAvE Tt 


TION 


CURPENT 
Liza 


START YUSEF 
LABFEL/TYPE 


5° > Vv 7O™ X3SAne 5 as TS 
©o n = ] ~ A n a] 
wn t= ] Fa] NOU” ~ _ 
-_ — 

2 2) 33 

° > Ze) 

> > 793 
2 Ie Kem Vee Tee Vie Som Ja Ve Som Jie Sop Dp hem Vie Mp ie Vie ie Soe See Jim ee i> > Lae Sie Sa Yee | 
eoesveve@seeeeseesewpapaeteset*teeewneaetteeeetetee et 
BAIT wIS SIO SII | 3D 3D 329390 399-59") 

— “~s 

BEINSIHI93939 59999999 220959925 «S32 
AS 299202] 2D sa 39N99> 322.8 223229559539 
ep poe ee Me ee ho Ne Ne Ne he Ho ae ee ele ele el ip i ae ey 
ON 399 399735 99939 399 499 9935 95397 3997 939 
ees eeve@teoeseseF ea Sev tet*eaateteeteaerte ee tet eee 
$ SKNHOAAWHIA~ NOS D-H N-KMANAWD AAD DIAS 

03569 9009 NAKN ND 80ND 395 o 

laa bTee Lad! ~e "7 Ar MA yen, = 

& 
= 
92333999939 999399999999399900909990990N 
@eeeosvsvesvseveeveeaeseeeveeoaevneeeF eovetoet* see ete 
Co Mam as Jom Tee Mem Yio Mow Jem» Yes Sika Veo Biro > Yicen Jem Nm Yoo Jia Sc Heo» Mam How Ne Jan Vi be Jo Km Shem) See) 


DOOOSMANAVDIIO§SO POD GOONS ASCAVIVIIONHOA NDE, AO 
tad 


Ld ) 

5 

$ > 
0909099720900 209309999 799909939999090 7539 
eoeeseeoeeteseeeveneretepaeeveeereoeeveeoerteeenreoeeneeee 
BODO IYO 0845 0 3994999 DDIDVIAOIINIIIAIINM 


260 
0999 


9902992909 92N09299999 9273999795 
e@eovoeveteaeseepeevovoveer eve evevet* eae ee @ 


x 2 
he] 
N 
e 
APOOADNOIVIODDOMNIVOISIAIIAIO IAAAAVISOON 


7? 
ed 


3000 


eet CT eet ne et cel gt PN nt eet Oe tell get eee et tl oe ed ed eet wD yam t 


i=) ty fat 
a 
be ~— bn e - 
Wwurw ww wid WOW Wives ee Wuil quvuwlt 
Se Sie Se ES eras IB SE Sega pe aS 
WWWWWWOWW OW SWoOWNE LEY Wo we WoW We 
ipo Pe pe are ep a lain aa 
DOCORAG A FAADQNACMAPOAOADIAICYOCQAMR TOO 
oe RIN —R a NF MUL DPOF fer 
AagqgWOe€>04" PI VIL sIUcOUOEY 2 Ju > 
WZPFPBITFCOOZ—w FWFWoeecvcdaqwuyow 
CO a UN SY AY CHIN AU EALTMIAU SUNY 


=KCNOOM FO OV OO SWOSOCOHKHOKCOKNOO TK 
= nN w An rw aaa) 


137 





Q QUE VE 2 0.90 e 9 Ved 2 eUUNY Je 
0 QUEUE 25 10-d022 6e0d96 4 Jed 29 -uuul 25. JIU 
0 QUEUE 2 Jed 0.0 0 0. 2eulyd Je 
} QUEUS 3 0. 2290 3 Jed 3 eJUIU Je 
2 QUEUE 2 0.959 325000 9 JV é eUU) Leu 
fe) QUEUE ope, 19.-d822 aevd55 ! YeV 256 suUuY 25-eduuu 
Q QUeUF 2 264959 0-500 0 Je 2 eu lewJUuJ 
9) QUENSe 16.6548 Hei 282 5 Ue 33 eQUUV 33. JuNu 
9} Weus Yel2da 09-3349 J Jed 2.Usdu Le JJJJ 
a QUEUE 1 Jed 220 ) Je 469 edQJU Jed 
Q QUEUE 2 QJev 0.0 Q 06 2.UJud Je 
9) QUEVE 2 0.0 Jed y) Jed 2 eNO Je 
fy] QUEvE l2 7.3L TS 323606 ry Bed LZ euuud Lédeuusuu 
Q QUuEVS 2 OedV ded Q Jed eauuuu de 
} Queue 2 OeV JeV 3 pre] 20300 JeJ 
fe] QUuEit ig fe3t7S 325666 6 Je L2 .uuud t2evuuu 
Q qUEVE Ou Jed ie) Je é ed dev 
SeMESOIRCE STATI STICS#® 
PESOURCE WESOURCE CURPENT AVERAGE STANDARO MAXIMUM CURRENT 
NUMRER LABEL CAPACITY NIFILIZATION NEVIATION ITIL IZaTion UFILIZ&aTION 
l ace Quor 369 272.4197 13.7636 30 263 
? SAFE QU0 49 19.0072 seZ2eei 29 9 
een STOGRAM “NUMAER | oe 
JEP TIME 
I8S¥ RELA CUML UPPER 
FREQ FREQ FREY CELL LIMIT 0] 20 eu eu Bu Luu 
® + + 6 > ° e ° > rs > ° 
® 3 7.0 0.0 0-0 + ¢ 
ag ».9 0.0 Oe500G0E OL e . 
0 3.9 Ued Je hUUJE ud > © 
i] 1.9 0.U 0. LSV0E+u2 > > 
Q 2.0 329 eeeeece as * > 
Q Ve0 009 2e 25 QUE + U2 + + 
55 2.935 0.035 9: 3000E #02 +e > 
265 2.470 UelQ5S Ye JSUIE U2 -eceessene ° 
od? 3.389 22594 06.46QVJUt © 02 peaesteeceseaseecesees C > 
“8 3.262 Jed56 2645U9Eou2 oSOee seseceres e ° 
t?3 JeLil Uetb? Oe SUUDE U2 -eeveses ene 
S52 ¥2033 1-000 Ore ee ee & 
} 7.0 1.000 0e60U0E*O2 + le 
Q JeV 1.0)9 [NEF > e 
eed > ° ° ° t td * > ° ° > 
1560 J <0 4U ou su Luv 
ten( STOGPAM “WUIMNER 2ee 
AEE QUEUF 
ISVv 2FLA CUML UPPER 
Uae) FREQ FREQ CELL LIMIT J 2u eu oJ iW luJ 
° ° + 2 Co > rf e rs . 
+4 YeU3t Yeoush J.0 ove * 
446 Y.IhD Lecul Je hUVUVE OL PREKE STEP CEH TESS SSSEG TSR TET EHTEL EST Pot FO EHTS He — 
) Vea L.00u Je CUUVE FUL ° & 
iv] Pre) LeJuU Jes JUIE SUL ° C 
J 1.0 [.Juu JewJVQUr* JL e 2 
») 1.3 Leu!) Je SUJUE*OL + E 
} Ye) Levu [tee » é 
bl oe ° > + ° e ° + . e re Ca 
let) J Ze) oJ yu nu Luu 





ore 
oF 
no 


O00 CSG NNEWNYK —OCOCCO BCS 
S Ce VNOSNVE NH COUNCC 
GODREJ CNG CS 


~~ 
nda 
mz 


OD wd wd be 


+ 


pe pe er 


i p— pee pe me 
— 


== mm SHEN NE 
OOCCOCFr Re tmeKKFCCcoccae wm 


HAN DEOG euUwnO ww oO CE 
@e¢eeoeeeetrt@eeeetetetst ese 

mm Aa Olle We GANA OS 
SAFES CHBUNNG Ha? Sug 

m=O GC OCOCUOGCCCOGOCCK 
eeeeeeo ee ee ee eenee 


~r2IOQOGw 


~ 
o 
A 
[a] 


nO 
on 
ma 


VOUGO CFC O OFC 
mo 


Op 
“se 


COCTCOUCCaavoQo ve 


GSGIccooetrng 


Ag 


ny 
oc 


ee 
COSCO OF CNUGCO am 


~~ 
WIN 
ww IES HOO YOU 
@#eetweoeeteeets @ 
| lh cel cone cel aoe ceed SY 
@eet8n0 688666 68 6 
COoOoccCwaeg ® 


3 
o | 


ro 
ne 


Ceeccaacoooco um 
ne 


cr 
ra 


SOC COoGCCcececo ae 


CVvGCOCcCcCcoace 
Cuccsccccocc 


mz 
or 


2 


Sewer wow Ut 
ee¢eeneeneet ee @ 
ee pe ee ee 
seeeeotoseneaerve 


whet dS wD 


zt 
oa 
~~ t 


SOHLSTOGRAM NUMBER jee 
REE Stay 


UPPEA 
CELL LIMIT 


0-0 

QJeLUODE +02 
Ye ZO00E +02 
Je SUUVE U2 
0-GUUVUE + U2 
Oe SUUVE U2 
0.6000VUE%U2 
0. 70NNEFU2Z 
0-d0Q90E +02 
Je FUQVE U2 
0. LOYVOE +3 


cfeete8 


+s 
oe ¢ 

eee ¢ 

-sseee Gc 

+CSVSee C 

eeevreres C 
-eeseeue u 
eee esee 

+ esses 

ess 

eee 

o@ 

oe 

os 

+ td + > > > + 


 ) 2u 40 ou 


@eHMLSTOGR AM NUMSE2 ee 


PH 


UPPEP 
CELL LIMIT 


0O-7?VU00Eeu2 
Je 75U0 mus 
QeBOQUE? 

CoBS QUE CUZ 
Oo JUQUE + 02 
Se ee ae 
Je LQOVEF+O 


O- LISVE +03 
a ele 


nn 


ONE STAY 


‘J 20 “VU vd 


id Cd * a Sd * oa 


PEST SS SPS SSSTCSSESEST AT ESESETESSE 


Sees eeeseeegue 

-@ 

-Seseas 

ef 

° 

° 

* 

> 

+ 

° + ° ° ° e o 
iY] 2u oY OU 


SSHLSTOGRAM YIIMGER 588 
A SCH Phi2 ter 


JPPER 
CELL LIMLFT 


0-0 
Je LOVE 
Je 2QQ0E 


| a7 

e 

vw 

c 

Cc 

oS 
TH NOV: my 
er e7 TO +8 OF 
CECOUCCUCOL 
IN. = oe pe pre ee pee pee 


ese) J we 
> + + + + + 


~?ttePevrev et vreer er eG 


ev ot, Ow 


Jeers, 


I 


CerNrverceo Teer ret eorrre? 


Cc 


tm 


Cet Coen. eerereres 


~ 
c 
c 


~ 
o 
(o) 


eT) 
> 


td 
> 


CHEARERCA CH HCH EEHF HTK EH re DPT TKHCS AH RSEHHL rH KTVB SESCeGassetaa 


C 


Ceo caccece 





ose 


SeH1STOGR AM NIIMBER 
A2 STav TIME 


Dee at #94 D O44 4246446¢46 3 6b HO. 179 540 Osea 436 OKIE D 
i) > Le J uu SS "? > 


—_ _ -_ re ] out _ — 


a 6 a e 4 4 
euUu 
es 
> 6 2a a+ u 2a > Pro) 
rt t r < vw Tt Tr 
, 
s 
a eo 
+ o s s a ra 
e 
» 
* 
e + 
>a @ 69 34 7 = 4 #> 
cL rs re) oS 2 ec 5 
e 
J 
e wat 
>» @ o eS e a a s 
s s 
» Ss 
es Ss 
s 8 
>¢+ ¢ aD co s > aa 7 
’ s ? ¢ * ? x) - 
* 
s e 
e e 
 # 2 oo s bad o + 
* e 
td s s e ee 
* * ga . os ve 
* = @ oa ee ot 
Os 6 a] o+¢ * 20 oe oe, 8 ea 
mn e ™ ™ * ns ~N e8 «#8 ~ 
s e w 8 ¢ a ee of 
e a wm e s w ee oF 
e e < <= ee 8 mo w oe 66 
 @ @ + re, a ees 6 bd SS Ss + ee of + 
* e 2a eee? > w ee? «8 
® e ad eee? oe ee oF 
a e 5 » bali BS o ee 98 
s @ ze e8@@ 8 ¢ xz se @e 
32%6¢ 664+ 4 6e 49 aq bh Me++ee4e eh e446 44444 at Meeeseeoseeseebheensm™ 
% “vw a wv 
._ "MW 
(=) 24 & uv 
- Ww i 
ww “wo 
he NIN 3 < an Toa Teal salon Yaa toa toa tna Y cakoa toa con toa! a a 
‘ond, = Ph be) or ele) 
—- 0500909 3 = 029900990909705 Ss = FOs0909D90 
F¢$oe ese ee * KE Feseosesese He ee oes ry ba eee seseeese 
crt a as (: ELE ELECTORISELO RITES CURD EN oN sTbE)) Ee) a0 AR es os Ut a 
wy O59990900u% ws 999999039300 70Fu was ee! See SG) SS} SIE IS hs 
a Con DONO? a DHDBDMOKNOWMIAMNONOWMZT a (ee leo le Vekel= Ie le, 
awd OnOno2D—-— a4 FF NHK rae DePFOVO-— ad RPONONDANINID— 
SJ DOP P-—-- DF a et ad hn oe es = He WI Xt ORM NAM FPA 
a @eseeetese w @eeeeevsverett1_etGeee w eoee@e4nreevres 
uw 98900770 uw 98Co0eos70300%703 uw 0975959399035" 
w MAASOOO Pei] D~F Of —-DPI990 wo NAA SDIIVDTTSD 
zw AMAIDOOO Sw a-NoOa=0050 iw oO FOODTCD 
Daa on272D7030 22 90709-9599 CF992T0 Sr DOAK 39090903 
Wu e®e@@e4ae@?@s8@e [as Ye @e@@eeeete@teteeneetee Wu eseee?@eeste2aeesesee8 @ 
FE DOOD mt at wet ot 9399757732970 9%8—-—— OVD OD A wet wt wt wt we ot 
au toa) © we oon ooor. au or 
wae ©Of900~07° ug 92070417202 07903909509 Wer DBDONNANNT999DD 
ru eae @t@eeaaa wu @ese@eeoseaseeasteeed Ou ee@e@eaeeeeeee@tse 
CS Coes Cia ee CrCeasAo6 Secon] Cer recesanctean 
>oO ag he age SPO BDOCOMANNHENFMOOO IW PO CODBRKYADIMWN7" IO 
Vw « ce « vu Oe OFO ~ 1 Wo OP UNS ern 
se tu oa ™" pe er On 


EO 





Qe8 


SeHISTOGR 4AM YUMRER 


FTG C SCH STAY 


3S¢e eee 64 Hh GH HHH 414A 


=) 


—_ 


ou 
> 


0 
e 


M{T 


Qe dUODE +02 
Oe LZUVE& 


ge= 
W Jd 


& od 
=— 


uu 


c 


Ls 


es 
oe ¢ 

ow C€ 
et 
+e8ee8 
+4eeese 
¢ eee oe 
+See eee 
+e8esee 
>See ee 
eee 
ee 
esese 
ee 

oe 

Cr 

oe 


AMA NAN MAMMA 
009909009793090959 
Ce ee eo ee) 
UU a Uo) 
393999993999009 3u 
03903500909903902 
LOD OWNS OD BS OD 


wn 
k= ] 
co 
pe) 
2 
> 
fen j 
at et hed SE YENI NEN ET 
e 

> 


0. 
O5« 
0. 
Ue 
Q 
6] 
0 
0 
Q 
0 
0 
0 
cv) 


SNUEEOMAPA INAD OOO™S 
MAY OO ODI DVIMODS 
SDD FS OME DTOKDD 
ee eecoevtseooevreovere 
98389750799 NSC390P°0O-— 


L™ DONE FOSTER AF IDM 
Ma ONT & FR MM Vee 
909006 09000007090 
eeteteeweoeeseeertreesees 
COTNNF OCD DONO H 


De OrK MINDS ML ODKE NM 
met YE RII ot nt ot 


Lae J 
Pd 


> 
3 


i- 
qm 
te 


ErniSTOGRAM "UMAFQ LOSE 


REG TAT TIME 


FTG 


3¢ 
=) 


— 


io 


>e 
mw 
re 

belts 


ee 
coy | 
_—s 


+3 
© 
oe 
a) 
.- 
peas ry 
Ore 
* 
uu 
ry 
+: 
y 
ee 8809 
eo @8e08 
os 9888 
es es ees 4 
8 #4886 
oe #8 8 
es e@es8 
ee. e@¢es 8 
eee bE HEH HEHEHE HEHEHE HOD 
FRAMANRAAMAANMRANAAMA 
993999009005900 203972 
oF ee eee eee ees eset 
UU a a 
2097I009 399373999997 3u 
009939000909N7F073903 32 
OVS ODONS ODIVG OD IN? O— 
HOt es SION NTNINMAAMAAY ST PD 
eee ee see eee oe te Foe @ 
000599990097 0090099" 


~AMOMMODIDIV9O7 
OBMXMOOMO079370C% 
009F0 0-4" 41HN 900079993997 
eeseeoteeoeesvseeteoeteeoetee#ee 
LOO TD et tet ot tt 


Pm he Oe 

Gt 0005 
909099 O46 a 909909 
eoeoe eevee fF eeewpeeoeteeeese tee 
CEFEAIMACAONMOTeCCOAaNne= 


ORX¥OD 9 1 DA A OMCMHTBMOMIEL 
' 
i] 


Jes) Ah 





HLS TOGRAM NUMBER LL] oe 


SYO FTG TIME 


AD CADKH™ LF eODlToHeOMmode?rTaAO 
Zw OV HMMDMNVOT™ BD“ VHOZT™Orsoe 
DET OOVOFZOAINAF SHG VDSPPIPH 
Ua eeo®eeee eee eeeeeoeever es 

ay 


Deeeeeseseeeee Geet se oeee ses ocrunysey 
5 


» Le) 
-@ 3 — 
= ] 
. + 
=) 
3¢ Le) a) 
3 r 
vw 
o rs 
w 
374 #3 
o ay o 
ry + 
Ce | 
Ce] 
of 69 
° ? 
e [e) o 
ad 
Lae sO 
e ~ 
vu 
G 
o es @ e 
Us #8 889 & 
UU @se8e8aaan & 
.e) Sua eaee eens 
Uuves eee #@aeaseauee 6 
Mes ee 6666464446466 46464664666464646 


fF FAA RAMAN MMR Mmm Men men Rom On 
- 900930007297700093972079990 
KT Fesesseseseshese Hse seeee eos 
eC 

wy 000 5939599709097090339779700390u 

099 9297200000990900903990Z 

ad ODINFODONG ODOVE GBONSTO-— 
Nad ANF SHS SININ NINN OG 6 ODOR 
wi @sese@ee8ee0 8 eoe*#eoeteteeoeeoeestses 
8 65666606966963566535638 


000 


— 


9FO7397097090990909T270% 


ZO CHF CNOOOHLONVNO PETS eNVoense 
aM BOON OPO GDL O emMo—o 
We 0CO57990993990H0—-3909007900°9 
wie eseoeeeseeeeteeteseeeep tet epeteseeet# @ 


ie Ram wot Nim Ko ee Kak oo Nae Xn oo I ile fis Carll Ken cole Neca i cen 


FD Nest FAH ODN FS SHOOAAOTRAMse | & 
ale et ANS ond PN eed PA ond oat et e~ 
rer ons 


Lave 


SeHtSTOGAANM MUMAF? 


©TM C SCH QUEUF 


oa OOO $6 OUI HIGLIIV DUI NII D 
LJe } a | 


—_ 


Q 
° 


7>o 
vu 
oa 

els 


1 


43 
po 
= | 
4 
> 
a 
a 
wy 
Cr J 
Ra 
. 
es a¢ 
* aa 
ees se 
aes fe 43 
se S898 ~N 
ee a6 
es aa 
se 84 
8 #8 « 
ae &@s 
aa ss 
Se #4 
eos eae 
oot e ee se teeteset teehee enea™ 
SERENE NINETEEN INE II RNERIR INE IRINA CO 
9090090039 290390390900939979T 
$¢ee+¢$¢e$eee $4 HHH eee 
PVC LUCE TE LUCTUCTVSTUr Be RUC TUeerUelyy veh ee Rie eer ey) 
5303939090039 909009N9907T 37904 
0900039039009002039939307027 
POMAINDGAD ADHAIAHOV BINIMND— 
OW tA FINN OOM DOT Tr — 
see eoescoses@e@¢@eevneeseeoeeee tes 
09 52763993 99°O030990733930 
NFO #DO9D00797999072790CF7C 3 
W609" 559000093909399070D 
DONT F™FO999290099979390993 
e@eeeoseese@es8ee#ee8ee8eteteee#e#t @ 


OENNINNDO 9090970000999 
eeoepeteeseeteepeeeoeoegeseeeeete oe 0 @ 
SE C+ 2505 Se. O-3e Ne ee 


AO wMBOPWFIDODVIOEOSOIOSNCTOOS39 
~c me 


tye 
im 
ioe! 


192 





PeHIS TUR AM NUMBER 1308 


Fra C SCH STAY 


+ 
=] 


-_ 


> 7 
wus 


mu 


$2044 ee OH 44H HHH HOS HLNIIILIGOD 
ry 


~ 
co Se | = 
Lm] 
s 
Ww 
wu 
= ] 
3 
6 
Ys 
oo 
uw 
> 
o 
io ) 
o 
ie) 
uw +o 
Sd 
uw + 
i] 
«oO 
y ~ 
uw 
a Co 
uw eeeatese 
e#esteee@ 
pf A plead hal a2 pat dd 
#@oeoseeanetasegeae saa gee 
@#e2ee4ee Hee ehehetehese nee e eed 
TEA FA AR REE I A AA 
0039993 329090029090900 
OF 4H HEHEHE HHH HH HH 


Uy UL) 
239033790909990992990039039u 
32990009030939000 
ONS OBOANV TS OOdSVNS ODBDDN 
at ad ot at INE NEN AIM SF 
eee@euevee @e eee mye 


7 
a 
90003905d000530 


DOW wat DNONN ENO VE OO 
WON FOOT SOLCNIFOVWNOTSCOO 
ODA StAYMASNO™ DODO Tr OSCHSO 
@®@eeaet@etosetoovnavenee e 
+ 


e 
90397239903909993°999 


le 


CORM gaeneF DO DMMAONCO™ FOM 
NESS BOD™ OF OTA? MN MH HOO 
290099090~750090007°S909390%5 
ese#eoeooeen*eree@eeveeteoeeoeeseseoseee @ 
Cate laice holla ohalte Lo Vel cll alte toon Leniio Ka Conlin] 


Dm ™Pn CSNYNOOE DOKM SOOKH INDI 
8 ok ced A NTS | FE ARERR ES OF) od eed oe eet ¢ 
' 


y6l 


SCHISTOGRAM NIIMBER Gee 


FTM 2€G STAY 


34 
y 


at 


Low 


20 
e ° 


| 
+ 


>? 
we 


Cu 


4 eesee eee hss Fs Sruyry 19249 


2) 
—) 
. 
PPI LILI) 2-7 
so) 
+ 
S) ct 
iJ 
+ 
WII 3 
> 
. 
eine ee o an 
e e oe e NI 
¢ od oe °° 
e es et. e 
Sd * * ° 
] es ea ° Ci 
» * fe e 
a 1d a e 
‘ e ea e 
a ee e 
##eaetesese ese teste esee eee Oem 
oa las Lata Lad bot le hoe bat kan lat hod at hed lat lee aoe bath) 
09007203909009909359339 
#4 bet eee eee seeseseses 


UPR OY hs Ps 


993900303 299999939993u 
o3720393539930900 20790925 
NIODODONG OBDIVNFSODIVN I 9D— 
bt EAN AATYIA NGF OF 
@eoseeeveeeeeget®oveeo te 
099990900330300093N 


$30900330300309393029099"7 
eovcesooc je 3.07 c09FT090N95 
NAN FFE Ft ONVOVGDTD9995 
eeeevereeteestovte Xoo 8 


o j=) oo (a3 
e io) oo °o 
NIDINOBVCONNIAID0OOFTNINF 
owe eeosereose@e reese een 


ee hal no Kea Kenta oll onl ee Veatomtie fap hail liar 


AOD 9900 SIO 2BMODHIDMAMI TL 
i] 
t 


Ors 





nN~J 
pre) 
TA 


KON we COOH GOO R KEE FwreLeOeetre Oc 
nD 


COOCSCOGCOCOGCCCOGCOOGOCSCOCOVCECaG Am 
mal 


died 
CCOO LLCO COORONG NFUNN]&COOSCOG FC 


- 


eVOorvec 


@eeee@eseseeeeteeoeesesetrtesevneeeseeseertees 


wt ot vat Cs er 


INS et a et Ps te Pe Sm me 
net 


SD net ed ND Sat es 


we had Ct OD wat ae het ee 
oe CBO RR RK = Fy OOO Vw ww CP 


QO OOO KK NWN DSIHEOSwWUINN—OeKG The 
MUuOevVOGOCOCCCOGCCECCeEceEscce 

ODGOBaM EN AE ORR DoE EMUEK RKO Ms 
Onn Nee SF PWN SF ON SFR GHNSEOENEW OF 


®etseeovneeet®eoeeeseseeoenesenesevne¢ce 


vi 
o 


The 
ND 


> enh) A) 


eICOCNasa Ce 
ne 


“a 
GCCoceaco rc 


et er OD ee a 
@eetv6ee tk 
SCuUcoowoQ Am 
ere — — — 6. 
ococcoa mz 
eoOococown cr 


= | 
<i 
Pee | 


®eHISTOGRAM NUMBER L5¢e 
FYM SYO STAY 


UPPER 
CELL LIMIT 
90 JOQVE © U3 


0. €2NVE* U3 
Qe 400E+ U3 


0. 54NUE¢U3 
Jo SHOGE*O3 
9. 0000€ +03 
3.620VE*O3 
Oe OGVVUE U3 
0-80 UE*U3 
Je ddUVE G3 
Q.7QQUE+O3 
VeT2ZVVE%U3 
Je TAQUE*US 
Qe TOQVUEO3 
Je THQOVUE #93 
Qe. 38VN00E +3 
Yes ZUGE*US 
Oe VAGUE %N3 
0. d6U0E U3 
INE 


3 290 #V 6U 40 Luv 
+ 


2 © 
@ 
@ 
a 
eo 
Sere eve See ee eer te eeeeerrre vs 


~ 
Cc 
4 

c 
g 
Cc 
eS 
Cc 
- 
c 


Sen (STIGRAM NUMBER Lose 


SBEE 


UPPER 
CELL LIMit 


0.9 

Je 200VE*O1 

Qe *UUDE Ul 

9.00UUE*Ol 

Q.sOUDE?G 

3. LUUUEFY 
INF 


QUEEF 


Q 20 “J ou JU LuV 
° ° > + > - * * a * * 
+eeee ¢ 
$SSSSCSOTT CSCEHSSHHHSSHS REO HS THE Keel teseaaasease e 
¢, C 
° C 
* L 
° . 
* Cc 
° i id + > > ° > > > > 
a) 23 *U ad sd luv 


oe 






nh, 
oz 
sha 
ne 
OcoGCrr-OrorCoCoOool[aG AM 
wT 
nO 


OOCCLOCEOWNEWNKCOCOUW ro 


COG FO 0 Ge weR it COO 


me 
cr 


oO 
~ 


om ee Ph ow om ee 
ON wesw AVF OCOORKG LOC 
M~OnauwsVowVwOCC vwsa sO VO 
@eeeeeeeeetetetoe eee 
ENE ON OSS 
WAOWS £00 3UCO 
Rm COUGE CVEUoceowcgG 
eeeeteeeeevnree#rtet®@ eee 


GVOnumO fre Vous OOS wry 


oat 
wi 
=~ 4 


nv 
mr 
o> 


fee we NS RR om Oe 
OOtvesr BONVUWNFWwWO C«< 
@eeeee#2ee#ef¢ @ @ @ 
GOV Cee Ke eer CO Un 
om Nie Ne @ 
FHKHWwOrrnO 


WOO 20 WII wD 


Cf) 
ot 
oi 


oD 
nn 


CHELMQIONWMENRVUGOYUO CE 
ne 


o> 
—™o 


GBOwee ane VrrOTnag we 


268M OF N~AP 
LOounslcu ocanw 


re 4 


nD 
or 


~C COP ee ere COCO aM 
ececwcw 


Cond bY oe DTD | lend 
ar 
eoeetonee@ @eetet oe 


~wSPE OWS Ceres 


we a ae a wa at wd ed tee ted er GC ed 
Cte Sew Sw 


eeeeteeeeoeetetete 


wren €. Cw 


fa 4] 
va O 
at 


eH (STOGRAM NUMBER | fee 


SBEE STay 
UPPER 
CELL LIMIT ) 2u “0 
Sd > e ° + 
0-0 > 
Pee aonacs + 
O-LVUDE #02 » 
Oe LSQUE O2 ra 
0-2900E°0 see 
Je 250UE ON) eevee 6 
Q-3000FE +02 ooeees C 
Ue JISVUE U2 -eeneee C 
0e*4VQVUE & 02 +eeee 
a eo uonaae +See aseeee 
0-S5S0U0E +02 secede 
9e SSUUE #02 -enege 
Je OUUDE #02 sateen 
0069008 +02 oe 
«TOQUE +O ee 
Oe ISWVE CU oe 
INF ° 
° * ° + * 
*) 20 “VU 
®CHISTOGRAM ‘HIMAFR [A¢8e 
SUB SCH QUEUE 
JPPER 
CELL LIMIT 2 20 e 
* d * * * 
0.9 Sd 
Qe SOODE +02 o0eee 
Qe LUVOE % O02 oeeeee S 
Je iL SQOE ou eeeegeeese C 
0. ZUDIE *0 oeeeecerece 
Je 25QUE oud eeeseerge 
Ue s00NUE t U2 see eeee 
Ue 3500E © 02 +ceeeen 
Dee oueeas oes 
o* > +¢ 
323338829: e 
[te ° 
° ° ° * + 
a 2v #0 
SeHISTOGRAM NU'MHER 1948 
SUB SCH STAY 
UPPER 
CELL LIMIT fe) 2U *U 
+ + + + + 
Je IOOUE + U2 ° 
Je ISUUE SUS * 
Je @OQIE+ Ue + 
O.e5 QUE U2 -ooee 
3050 JUE e U2 -eshege e 
30395 JIE + 02 reso eneore re 


Ve bUUUE FU2 
Veuvs JIE +02 
ve fUU0E + U2 
Je SUSE Ud 
Je SUUIE OU 
VedS IIE OU 
ser ce.) 


coe 
7hN 


a} 
2 
J 
r3 


» 


t 


>#eecePTace 
eau 
+eurer **6 
verve 
"ere 

se 

Ld 


° 
> ° ° » + 
‘) 


o> 


= 
Cc 
c 


e. 
ma) 


c 
CeCNnwrereeterrevrevrse? 9% 


~ 
L*) 


= 
Cc 


oO 


CeOcenee2?t eee OF 


[e 


~~ 
c 
Cc 


oO 


c 


Gre MOr1eeceerrre + 


c 





JASV 
FREQ 


-_ 
— -_ Qo 
Sos ooemooéouc 


a 
> 
= 


ho 8 
wOFOOnNOCWOUGSO CE 


-_ 


or 9 
wt 
ei 


™ 
VOYVVLK VOuwOFUEULRWEVO IQEC 


- 
a 
r 


ND 


OoCcoeoorO0o-QO00 an 
nem 


~ 
al or 


™ 
a 


Sw IOIO Yi VO VS 
S] 
+] 


ea@*teoeee#e+nseeaetrta 


ND 


OO-CCKCCCUCG BM 
nm 
c> 


o & 
o.U°F 


Ove JeUne wow 
- 2 
WA lal 


ne 


CEVECUcoocooaGCoceeoo aM 
nem 


_ P 
w a or 


I a Nat sD hr et gd he OF wads 


CUMt 
FREQ 


Rem OOCooce co 
eaee @aeeeoev ee @ 
BOO 00 om OO OC 
COoOOGO~ sw 
COOF FFE Vww 


ne 


ecooceacacecooo 2c 


Oo¢coacoaaca 


ms 
cr 


KOCOoOCVOOoCcoeoe 


NE eaoe*®ee ee ee 028 @ 
OPT s © 


LEC Caoccceaccececcecea we 
(= ms 
rel ocr 


oe ee ee oe Oe OL OO 


SOHTSTOGRAM NIIMAFR 2008 
FTG $$ & SCH QUE 


JPPER 
CELL LIMIT Q <¥ 29 eye) 4Q ivJ 
> ? > o ° * ° > 
0.9 > > 
Q.-SO0QJE*UL ° + 
3: O83E 28s Veeamerceeeeaseeeseeees seeeceesenceueeee +4 
9e2000E 7°02 ° ¢ : 
0. 250NVUE oud + C ‘ 
Je 3QQUE % J2 -seeeee C . 
0. 350VUE*02 ° & + 
Je SQQUE U2 * & * 
Oe 45Q0UE U2 >see 66 G 
Oe SQUUE © 02 e C 
UNF > ¢ 
> ? S Sd > Sd ? > > 
0 20 &U eV BU Lug 
eeu STOGR AM NUMBER 2198 
SS 4 SCH STAY 
JPPER 
CELL LIMIT Q 20 “J ou 39 Lug 
5 > > Sd id * > * > 
Ge 8OQUE 02 * > 
Oe. 5SQIE*U ° > 
0-.90QUE°Q * > 
0-.95UVUE*02 > rs 
Jel IQVE* OF PUSS SSS TEST SHE SHS SHHSSSESESESSSSe assay rs 
Qe 1050E¢Q3 + C > 
Ve LLVVE &Q3 > e606 ee0802 C . 
Q.i 1 50E+*Q3 ° & ° 
Q.12QNEeU3 * C ° 
0.1 250E¢03 -eeee8 es 
02.1300E¢03 ° Ce 
iNF os C 
* ° > Cd id - > > > 
Q 2q “Q ug 3Q Llu 
COMI S TOGA AM NIV4BFR 2208 
FTG S$ C Que 
UPPER 
> id > + Cd cd 
Q.90 
Sonesas 
Je lL VIDE *O2 
Je LDQVE UL sete 
Ve cUIUC eU2 C 
Wee nnta Gy € 
Je 3UQUE OL rT eeUTITCLOPIOVISS TITEL ELEC RerTacrreTi ETT ft 
Je S5UVUE& U2 
Je *UQUE + 02 


vee 5 NUE *U2 
Qe SUJNE U2 
9.55 QUE eu2 
JeovUve *Q? 
Je&65 VUE #02 
Je fQQUF +02 
Je (SUSE U2 
INF 


were P Peter reg CP eee 


196 


7g 


ce 
ow $0 


Gent OCONCHNOIC eeeerre 


~ 
Cc 





SeH1STOGAAM VUNMHFA 2394 


FTG SS C STAY 


Fete seteee eee Gegese es QI N4tD 
i=] uv 3 


—~ Wu — 
* ee | » 
wv 
oe +0 
© a] 
u 
* . 
vu 
eo I io} 
D = 
vu 
a Cf 
ee) 
Ose “> 
° Bd 
vw 
od * 
uv 
os ra | 
Cw) eS) N 
e 
ee. 
. vu * ee «8 ry 
wu #8 e084 
eee Gene & 

t 4 eeepetene © 
Setaeveaeteneaag af 
Ses eseesesese ese ee eetee es 
HS FAM AMAMAAMNAMAMAMMM 
ww F7N9T0909000909070909990 
TZ FCHeHeSeHseeeheeeseseseasd 
Ohm UU UU Ur 
we 9027597999099 37997070uU 
a a739039009999909902 
awd ANS OBONS ODONLS OBO— 
Td ae nd nd a AAI ANIA OIA 
w @#eo@eoeeeeeeeoe7sg8e 88 @ 
Vv 20099002 39090000F000 


JF FON BNF KANE MADOKEDS 
Tw vro-aonrn—d09re-dsnro-os 
Pe DODsNNAILNHO SICH AOD 
aire esooea te Coe eeeeseon ve 

APDPO1O99T0N39D2B0727990— 


TO Cah Oo ODBDOOCGCE SO f= 
wat ENNZCHK BIN NNMHOAN 
we 20900 249946090 =4907000 
ru e®eseee? eee eseeeeoees 
Seo Anas SoSCCeolSaecr 


FQ MAMMA Dee OM 2 DeHKIMO IEW 
wu heated — AS ant etont } x 2 
ca = 


SeCHISTUGRAM NIIMBER 2008 


FTG SS REG TOT 


MIT 


e= 
Wed 


fr) 


a 


FRES ce 


kg 


i 


ce 
FR 


raed 


NO VALUES REFNRNED. 


2500 


SeHISTOGR AM WIMABER 


TG SS Six fart 


36 
2) 


ot 


a2¢ 


Lat) 


“iT 


ao 
te ad 


ee 
Ee) 


CE 


a0 
wv 
Us 
Cae 


>°o 
Wu 
eu 
Ow 


Settee ese sesese sae sess ary yyrysaDd 
us bap 
—_* 
>’ 
- 
a a 
rw 
a ] 
ro ia 
’ 4 
4” 
5 ae, 
+ 
Ww 
2 >. 
wv 
a 
uv 
uo 
an 
es 
3 Ld 
s 
* e@ese a 
w © eteos & 
* ese 8686 @ 
Usa rGn stoner ees 4 
S#eePegceeseeeaenr seen 
@#@@#@ee ee geese ee ese esse se eee eiiem 


L Ahad Lot Lat Niet Loe, Bet hoes het bales Red ine | otlind Lectin at tek Lot tae 
399330990 309397397 9909 
SeSseHeehE eee ete se sa seerans 


QI392aD9=S> 902907799 


AANG 2 USN 


CSNMLHKMVIMDHELIN ST 
CIF DMNVEH 2 DIFQNVNENSG 
BOIDDAHINMSNO~DUOPMTH 
eoeeeeespe*efPeeseoees ee 8s & 
ADSBDOIONOX2BOODCPCODDSD 


BINONO KN OF ODe ns 
Net SIO FED LOCK CINE ae 
0499999390920 99990900%7 
eo@seoet?@ seo®@seesveeoesseseees eee 6 
(eel ey Sore Mamata Yh cil cat ote ee We SI peal cone Yt Lethe th tN a 


s 


NOLAN OE A ASMNOWL SHOPLPMANHDM EIN 
el eee nod 
i— 


2) 





LIST OF REFERENCES 


Meciiveen, | Lanning Lom ruture Naval Forces and cae 1 
Ownership Costs, George Washington University, T 


Gcicw2,, 19°79 . 


Stew. , ReSCUrCe Allocations in the U.S. Navy: Perspec- 


tives and Prospects, Working paper 80-1, Naval Postgraduate 
senool, 1980. 


Fernandez, R.L., Forecasting Enlisted Supply: Projections 
for 1979-1990, (N-1297-MRAL), Rand, Inc., Santa Monica, 


Ca., September 1979. 


Bemrester, J-.Ws, Peincipies of Systems, Wright-Allen Press, 
1968. 


Jacoby, S.L.S. and Kowalik, J.S., Mathematical Modeling 
Gace Comeusens,, Prentice-Hall, 1980. 


Naval Postgraduate School, Officer-Students, An Initial MPT 


Analysis of the 600-ship Navy, paper presented as a class 
project, March-June 1981. 


Pegden, C.D. and Pritsker, A.A.B., "SLAM: Simulation 
Language for Alternative Modeling," Simulation, Vol. 33, 
No. 5, p. 145-157, November 1979. 


Pegden, C.D. and Pritsker, A.A.B., "SLAM Tutorial," Proceed- 


ings of the 1980 Winter Simulation Conference, edited 
byeoren, 2.1., Shub, C.M. and Roth, P.F., The Institute 


of Electrical and Electronics Engineers, Inc., 1980. 


Pritsker, A.A.B. and Pegden, C.D., Introduction to Simulation 
and SLAM, Halsted Press, 1979. 


U.S., Department of the Navy, Chief of Naval Operations 
Instruction 1500.8 series, Navy Training Planning Process 


pimowvecreor New Develoouments,; Op-112D, 3 April 1979. 


ILS he) 





Le) 


Mipee tA DISTRIBUTION LIST 


No. 


Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22314 


bebrary 

Code 0142 

Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 54Js 
Department of Administrative Sciences 
Naval Postgraduate School 

Monterey, California 93940 


Professor R.S. Elster, Code 54Ea 
Naval Postgraduate School 
Monterey, California 93940 


Assoc. Prof. N.R. Lyons, Code 54hLb 
Naval Postgraduate School 
Monterey, California 93940 


LCDR Larry W. Nelms 
be55 Cirtadel Court 
Chula Vista, California 92010 


LCDR Jeffrey T. Smith 
8245 Van Noord Ave. 
North Hollywood, California 91605 


Chief of Naval Education and Training 
Naval Air Station 
Pensacola, Florida 32508 


Deputy Chief of Naval Operations 
(Manpower, Personnel and Training) 
Chief of Naval Personnel 

metas OP=1i,=-12,-13 

Arlington Annex 

Columbia Pike and Arlington Ridge Road 
Arlington, Virginia 20370 


Mr. Morse Middleton 

Training Analysis and Evaluation Group 
(TAEG) 

Orlando, Florida 32813 


Mee 


Copies 





1 


HZ « 


Lae 


ie 


i. 


Legs 


lee 


Commanding Officer 

Navy Personnel Research and Development 
Center (NPRDC) 

Navy Personnel R&D Center 

Aten: ~ Dr. E.-aeken 

San Diego, CA 92152 


Dr. H. Wallace Sinaiko 
Smithsonian Institution 
SOLN. Pitt St. 
Alexandria, VA 22314 


Mr. Joe Silverman 
NPRDC 
San Diego, CA F22152 


Mr, Bill Linéganl 

Office of the ASN (M&RA) 
Room 4E 

The Pentagon 
Washington, D.C. 20515 


Commander 

Navy Recruiting Command 
4015 Wilson Blvd. 
Arlington, VA 22203 


MPT Resource Center 

Code 36 

Naval Postgraduate School 
Monterey, CA 93940 


Dr. Jules Borack 


NPRDC 
San Diego, CA 92152 


200 














Thesis 
N3OoT? Nelms 
Gelr A simulation model 


depicting fleet expan- 
sion effects on the 
fire control techni- 
Clans) troining, pipe= 
line. 





